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Executive Summary

The U.S. Environmental Protection Agency (EPA), iBed.0, is issuing a National Pollutant Discharge
Elimination System (NPDES) general permit for edfitidischarges associated with oil and gas
geotechnical surveys and related activities infaldeaters of the Beaufort and Chukchi Seas (sger€i
1-1). The Geotechnical General Permit (Geotechi@€) will authorize twelve types of discharges from
facilities engaged in oil and gas geotechnical syg\to evaluate the subsurface characteristidseof t
seafloor and related activities in federal watdrthe Chukchi and Beaufort Seas for a permit teffive
years (2015-2020).

Geotechnical surveys include drilling into the surdfece to collect sediment borings to assess gaolog
stability for potential placement of oil and gastailations. These installations include producaod
drilling platforms, ice islands, anchor structufessfloating exploration drilling vessels, and patial
buried pipeline corridors. Geotechnical surveysiites a disturbance of the seafloor and may preduc
discharges consisting of sediment, rock and cidtingterials, in addition to facility-specific waste
streams authorized under this general permit.

Geotechnical “related activities” also result idisturbance of the seafloor and produce similar
discharges. Such related activities may includsilidéty testing of mudline cellar construction
equipment or other equipment that disturbs thd@aafand testing and evaluation of trenching
technologies.

Section 403(c) of the Clean Water Act (CWA) regsiitieat NPDES permits for discharges into marine
waters of the territorial seas, the contiguous zomkthe oceans comply with EPA’s Ocean Discharge
Criteria. Because the area of coverage of the @boieal GP is within federal waters of the Beauéortl
Chukchi Seas, the scope of this Ocean DischarderfarEvaluation extends seaward from the outer
boundary of the territorial seas (Figure 1-1). Paepose of this Ocean Discharge Criteria Evaluation
(ODCE) is to evaluate the discharges under thegsbatcal GP (Permit No. AKG-28-4300) and assess
their potential to cause unreasonable degradafitreanarine environment.

The Geotechnical GP does not authorize dischaspgexgted with any activities requiring either loé t
following: (1) an Exploration Plan submitted to tBareau of Ocean Energy Management (BOEM) for
approval pursuant to Title 30 of tlkmde of Federal Regulatiof€FR) 550 Subpart B; or (2) an
Application for Permit to Drill submitted to the Baau of Safety and Environmental Enforcement
(BSEE) pursuant to 30 CFR 250 Subpart D. Furtheentbie Geotechnical GP does not authorize
discharges associated with geotechnical surveyalated activities conducted at depths greater 5i@én
feet below the seafloor.

Geotechnical surveys and related activities, ameef are considered ancillary activities subject t
BOEM's regulations at 30 CFR § 550.207-550.210efnpt is not required from BOEM for ancillary
activities (30 CFR § 550.105 and § 550.207); howese Ancillary Activities Notice must be submitted
in compliance with 30 CFR 8 550.208. The regulatian30 CFR Part 551 allow ancillary activitiedto
conducted on unleased lands.

The State of Alaska Department of Environmental<govation (DEC) has developed a permit for
similar discharges to state waters of the Beawafiott Chukchi Seas under its Alaska Pollutant Disghar
Elimination System (APDES) program authority. DE@&mit also includes an ODCE for discharges
authorized by that permit.
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The discharges from oil and gas geotechnical sgraed related activities authorized under the
Geotechnical GP are similar in nature to thosehdisges associated with exploration drilling aci@at

but at much lower volumes. Whereas an exploratielh i& drilled into geologic formations (to depths
approximately 10,000 feet or greater below thelsedfto evaluate the presence of hydrocarbon
accumulation, geotechnical surveys include colbectf sediment borings at depths ranging from
approximately 50 feet to no more than 500 feetwele seafloor to assess the seafloor and subsurfac
characteristics. Operators intend to conduct géoieal surveying at certain locations within theise
prospects and the area between these prospecssiamd to:

a) delineate potential corridors for buried in-fieldvr lines and pipelines connecting different
prospects,

b) evaluate subsurface suitability for potential ptaeat of ice-islands, jack-up rigs, production and
drilling platforms, and anchor structures for fiogtexploration drilling vessels, and

c) delineate corridors for a potential buried expd@pefine between the lease prospects and shore.

The scope of the “related activities” (i.e., estietadischarge volumes, frequency, and duratioryaed|
in the Fact Sheet and ODCE), is based in part &chdrges associated with mudline cellar constmuctio
as reported by Shell in 2012 at its Burger A andilBg N/G leases in the Chukchi and Beaufort Sea,
respectively. For purposes of the ODCE, EPA assdomesquipment feasibility testing activities wdul
occur each year (two per sea), for a period of By per event, totaling 20 events during theds-ye
permit term. Each activity would result in a seafldisturbance of approximately half of a typical
mudline cellar dimension. The typical mudline cetlamension is 20 feet wide and 40 feet deep;
therefore, EPA’s assumption is that equipmentrigstiould disturb an area that is approximatelyed f
by 20 feet, generating a total of approximately,288 gallons of cuttings materials to be discharged
during the 5-year permit term. EPA also assumdkngyriluids would not be used for geotechnical
related activities.

Table ES-1below summarizes the types of geotechnical surtletscould occur in any given year by
different operators. Geotechnical surveying aaésitire short in duration and, depending on tadgete
depth, range between 1 to 3 days to complete orghble. Borehole diameters can be as small as 4
inches to a maximum of 12 inches.

The depths of boreholes, borehole diameter, andatsyof boreholes differ depending on the specific
survey or activity goals. The shallow pipeline bgs will generally be drilled to depths less thaeaqual
to 50 feet below the seafloor surface. The deejpetipe borings would be collected at depths tylhyca
between 200 to 300 feet below the seafloor surfaBé defines the shallow boreholes as those drided
depths of less than or equal to 50 feebQ feet), and deep boreholes as those drille@pthd of greater
than 50 feet and less than or equal to 500 feBO(feet and 500 feet).

For purposes of this evaluation and based on irdtiam provided by the Alaska Oil and Gas Associatio
of projected geotechnical surveying activitieshia Beaufort and Chukchi Seas, EPA estimates that
geotechnical surveys in any given year and perfdrbyemultiple operators would include approximately
100 boreholes drilled in federal waters (AOGA 2013)is number is derived by adding the upper range
numbers and assuming half of the state/federahiotes would be drilled in federal waters. Usingthi
approach, the projected 2015 activities total 10&boles, while the 2016—2020 activities consist of
total of 86 boreholes per year. For simplicity, E€gtimates 100 boreholes per year.
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Table ES-1. Geotechnical survey activity summaries.

2015AcTIvVITY
Depth of
Borehole Water Borehole - . State or | Duration
Program (feet . No. of | Season/Timing | Location
Tvoe Technology below Depth Diameter Holes of Activit (Sea) Federal per
yp (meters)® | (inches)? y Waters | Borehole
seafloor
surface)y
Pipeline Rotary DP <50 20-45 9 20-24 Open Watg rgggh?:r'{ Federal 1 day
>50 and Chukchi/
Platform Rotary DP 500 40-45 9 3-8 Open Water Beaufort Federal 3 days
>50 and . Chukchi/ | State/
Other Rotary on Icg 500 <510 <10 6.5 5@ Winter Beaufort | Eederal 1 day
" Chukchi/
Pipeline Rotary/CPT]| <50 >20 4-12 40 Open Water Beaufort Federal 1 day
Jack Up >50 and Chukchi/ | State/
Drill Unit Rotary/CPT 500 <20 4-12 12 Open Water Beaufort | Eederal 1 day
a Half of these boreholes are assumed to occudieré waters.
b12 inches = 1 foot = meters*3.2808
2016AcCTIVITY
Depth of
Borehole Water Borehole - State or | Duration
Program (feet . No. of | Season/Timing .
Technology Depth Diameter L Location | Federal per
Type below b | , | Holes of Activity
(meters)® | (inches) Waters | Borehole
seafloor
surface)®
Pipeline Rotary DP <50 20-45 9 20-24 Open Watg rEZZE%‘r’{ Federal 1 day
>50 and Chukchi/
Platform Rotary DP 500 40-45 9 3-6 Open Water Beaufort Federal 3 days
Pipeline Rotary DP <200 40-45 9 10 Open Water ggghcf:;!{ Federal| 1-2days
Pipeline Rotary/CPT| >50 >20 4-12 40 Open Wate rgzgh?g:{ Federal 1 day
Jackup >50 and Chukchi/ | State/
Drill Unit Rotary/CPT 500 <20 4-12 12 Open Water Beaufort | Federal 1 day
@ Half of these boreholes are assumed to occuidieré waters.
b12 inches = 1 foot = meters*3.2808
2017ACTIVITY
Depth of
Borehole Water Borehole . State or | Duration
Program (feet . No. of | Season/Timing .
Technology Depth Diameter L Location | Federal per
Type below b | , | Holes of Activity
(meters)® | (inches) Waters | Borehole
seafloor
surface)®
Pipeline Rotary DP <50 20-45 9 20-24 Open Watg r(éz:E(f:c:!{ Federal 1 day
>50 and Chukchi/
Platform Rotary DP 500 40-45 9 3-6 Open Water Beaufort Federal 3 days
Pipeline Rotary DP <200 40-45 9 10 Open Water EZSE%‘K Federal| 1-2 days
Pipeline Rotary/CPT| >50 >20 4-12 40 Open Wate rgzzﬁ?gr'{ Federal 1 day
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Jackup >50 and Chukchi/ | State/
Drill Unit Rotary/CPT 500 <20 4-12 12 Open Water Beaufort | Federal 1 day
aHalf of these boreholes are assumed to occuidierét waters.
b12 inches = 1 foot = meters*3.2808
2018AcCTIVITY
Depth of
Borehole Water Borehole - State or | Duration
Program (feet . No. of | Season/Timing .
Technology Depth Diameter L Location Fed per
Type below b | , | Holes of Activity
(meters)® | (inches) Waters | Borehole
seafloor
surface)®
Pipeline Rotary DP <50 20-45 9 20-24 Open Watg rEZZE%‘r’{ Federal 1 day
>50 and Chukchi/
Platform Rotary DP 500 40-45 9 3-6 Open Water Beaufort Federal 3 days
Pipeline Rotary DP <200 40-45 9 10 Open Water gg:ﬁ?gx Federal| 1-2 days
Pipeline Rotary/CPT| >50 >20 4-12 40 Open Wate rgzgh?g:{ Federal 1 day
Jackup >50 and Chukchi/ | State/Fe
Drill Unit Rotary/CPT 500 <20 4-12 12 Open Water Beaufort| deral 1 day
aHalf of these boreholes are assumed to occuidieré waters.
b12 inches = 1 foot = meters*3.2808
2019ACTIVITY
Depth of
Borehole Water Borehole . State or | Duration
Program (feet . No. of | Season/Timing .
Technology Depth Diameter L Location | Federal per
Type below P , | Holes of Activity
(meters)® | (inches) Waters | Borehole
seafloor
surface)P®
Pipeline Rotary DP <50 20-45 9 20-24 Open Watg rgzgh?::{ Federal 1 day
>50 and Chukchi/
Platform Rotary DP 500 40-45 9 3-6 Open Water Beaufort Federal 3 days
N Chukchi/
Pipeline Rotary DP <200 40-45 9 10 Open Water Beaufort Federal| 1-2 days
Pipeline Rotary/CPT| >50 >20 4-12 40 Open Wate rgzgﬁ(fzgr'{ Federal 1 day
Jackup >50 and Chukchi/ | State/
Drill Unit Rotary/CPT 500 <20 4-12 12 Open Water Beaufort | Federal 1 day
a Half of these boreholes are assumed to occudieré waters.
b12 inches = 1 foot = meters*3.2808
2020AcCTIVITY
Depth of
Borehole Water Borehole - State or | Duration
Program (feet . No. of | Season/Timing .
Technology Depth Diameter - Location Fed per
Type below b | g , | Holes of Activity
(meters)® | (inches) Waters | Borehole
seafloor
surface)®
Pipeline Rotary DP <50 20-45 9 20-24 Open Watergzgﬁ(fzgr'{ Federal 1 day
>50 and Chukchi/
Platform Rotary DP 500 40-45 9 3-6 Open Water Beaufort Federal 3 days
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Chukchi/

Pipeline Rotary DP <200 40-45 9 10 Open Water Beaufort Federal| 1-2 days

Pipeline Rotary/CPT >50 >20 4-12 40 Open WaterChUkCh'/ Federal 1 day
Beaufort

Jackup >50 and Chukchi/ | State/

Drill Unit Rotary/CPT 500 <20 4-12 12 Open Water Beaufort | Federal 1 day

aHalf of these boreholes are assumed to occudieré waters.
b 12 inches = 1 foot = meters*3.2808

While the majority of geotechnical surveys andteslaactivities in federal waters would occur durihg
open water periods (i.e., July—October), it is gmeghat the activity could occur during the winte
months when landfast ice is present, particularihe Beaufort Sea. Geotechnical surveys and celate
activities conducted during the open water perisitishe performed using drilling systems and/or
equipment located on stationary vessels, suctoasrfty, moored, jack-up and/or lift barges. The
geotechnical surveys would utilize rotary drillitygpe systems, including conventional and neweresgab
based technology, from the deck of a vessel thegasred by either dynamic positioning or an anaolgor
system. During the winter months, geotechnicalidglunits and support equipment would be staged on
the ice surface. In these instances, the activittadd be conducted on-ice and equipment and paeion
transported to the site locations via truck.

In general, the shallow pipeline boreholes wilireh the use of seawater and not water-basedndyilli
fluids; however, the use of drilling fluids may becessary based on the nature of subsurface aoriti
Related activities would only occur during the opeater period and do not require water-based wigilli
fluids.

The Geotechnical GP will authorize the followingssastreams to be discharged:
Discharge 001 — Water-based Drilling Fluids andl @uttings
Discharge 002 — Deck Drainage
Discharge 003 — Sanitary Wastes
Discharge 004 — Domestic Wastes
Discharge 005 — Desalination Unit Wastes
Discharge 006 — Bilge Water
Discharge 007 — Boiler Blowdown
Discharge 008 — Fire Control System Test Water
Discharge 009 — Non-Contact Cooling Water
Discharge 010 — Uncontaminated Ballast Water
Discharge 011 — Drill Cuttings (not associated viaitilling Fluids)
Discharge 012 — Cement Slurry

EPA derived discharge volume estimates on a pdioghaand deep-borehole basis using information
submitted in Shell’'s 2013 NPDES permit applicaiongeotechnical surveying activities. The per-
borehole discharge volumes were extrapolated aeskpted using the estimate of 100 boreholes in
federal waters per yeardble ES-2.
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Table ES-2. Estimated discharge volumes associateith geotechnical surveys per borehole and per year

Estimated Discharge
Estimated Discharge | Volumes per Deep
Volume! per Shallow? Geotechnical Estimated Discharge
Geotechnical Boreholdg Boreholes Volumes per Year
50 feet > 50 and 500 feet 100 boreholes

Discharge U.S. Liquid Gallons
Wa’ger-based drilling fluids and drill 7,006 21.000 1,232,000
cuttings (001
Deck drainage (002) 2,000 6,000 352,000
Sanitary wastes (003) 2,473 7,418 435,186
Domestic wastes (004) 21,000 63,000 3,696,000
Desalination unit wastes (005) 109,631 328,892 w77
Bilge water (006) 3,170 9,510 557,927
Boiler blowdown (007) N/A -- --
Fire control system test water (008) 2,000 6,000 2,330
Non-contact cooling water (009) 2,726,234 8,178,703 479,817,254
Uncontaminated ballast water (010) 504 1,512 88,704
Drill cuttings (not associated with N/A® B B
drilling fluids) (011)
Cement slurry (012) 1 3 114
1 Source: Shell’'s NPDES Permit Application Form 2@r(l 3, 2013) and L. Davis (personal communicatidngust 7, 2013).
2 Shallow boreholes: Depth50 feet
3 Deep boreholes: Depth >50 feet anB00 feet
4 Source: AOGA 2013
5

Discharged at the seafloor and may include mudleénup materials. To provide a conservative es8irEPA assumes all
100 boreholes would utilize water-based drillingids. Also, approximately 4,800 gallons of drillifigids is estimated to be
discharged from the mud pit per year. This dischagume is in addition to the Discharge 001 estiaolume presented in
the table above.

6 Conservative estimates that include entrained atsmvand do not account for boring sample removal.

7 Discharge 011 includes the cuttings materials geadrfrom geotechnical related activities. For psgs of the ODCE, EPA
estimates that approximately 235,000 gallons dfroyg materials would be discharged from equipnfieadibility testing
activities during the 5-year permit term.

8 Discharge 011 may also include cuttings from shaboreholes. While the majority of shallow boretsofeay not use water-

based drilling fluids, to provide a conservativéraate, EPA assumes drilling fluids would be used the volumes are

captured above under Discharge 001.

This ODCE evaluates the waste streams authorizbd tlischarged by the Geotechnical GP. EPA’s
Ocean Discharge Criteria (Title 40 of tBede of Federal Regulatiof€FR) Part 125, Subpart M) set

forth specific determinations that must be madefgegpermit issuance to ensure that there is no
unreasonable degradation of the marine environrbbmeasonable degradation of the marine
environment is defined (40 CFR 125.121[e]) as fe#io

Significant adverse changes in ecosystem divegmibguctivity, and stability of the biological
community within the area of discharge and surroubiological communities;

Threat to human health through direct exposureliatants or through consumption of exposed
aguatic organisms; or

Loss of aesthetic, recreational, scientific, omeoic values, which are unreasonable in relation to
the benefit derived from the discharge.
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This ODCE is based on 10 criteria (40 CFR 125.122):

Quantities, composition, and potential for bioacalation or persistence of the pollutants to be
discharged;

Potential transport of such pollutants by biologipaysical, or chemical processes;

Composition and vulnerability of the biological comnities which may be exposed to such
pollutants, including the presence of unique seaiecommunities of species, the presence of
species identified as endangered or threatenedgnir®d the Endangered Species Act, or the
presence of those species critical to the structufenction of the ecosystem, such as those
important for the food chain;

Importance of the receiving water area to the suaiong biological community, including the
presence of spawning sites, nursery/forage aregmtory pathways, or areas necessary for other
functions or critical stages in the life cycle of @ganism;

Existence of special aquatic sites including, mitlimited to, marine sanctuaries and refuges,
parks, national and historic monuments, nationasiseres, wilderness areas, and coral reefs;

Potential impacts on human health through diredtiadirect pathways;

Existing or potential recreational and commerdghihg, including finfishing and shellfishing;
Any applicable requirements of an approved Co&@siak Management Plan;

Other factors relating to the effects of the disghas may be appropriate; and

Marine water quality criteria developed pursuanEWA section 304(a)(1).

If the Regional Administrator determines that tischarge will not cause unreasonable degradation of
the marine environment, an NPDES permit may bestsii the Regional Administrator determines that
the discharge will cause unreasonable degradatitreanarine environment, an NPDES permit may not
be issued.

If the Regional Administrator has insufficient infieation to determine, prior to permit issuancet tha
there will be no unreasonable degradation of thenaanvironment, an NPDES permit may not be
issued unless the Regional Administrator, on treishaf best available information, determines that:
(1) such discharge will not cause irreparable harthe marine environment during the period in Whic
monitoring will take place; (2) there are no readua alternatives to the on-site disposal of these
materials; and (3) the discharge will be in commiawith certain specified permit conditions (40RCF
125.122). “Irreparable harm” is defined as “sigrafiit undesirable effects occurring after the date o
permit issuance which will not be reversed aftesse¢ion or modification of the discharge” (40 CFR
125.122[a)).

A summary of the evaluation conducted for eachheftO criteria is presented below.

Criterion 1. The quantities, composition, and potential foralsicumulation or persistence of the
pollutants to be discharged.

The discharges from geotechnical surveys and rekattvities to federal waters are not expected to
cause an unreasonable degradation of the marifmeement because the pollutants associated with
those discharges are not bioaccumulative or pergisthe Geotechnical GP will authorize only the

discharge of water-based drilling fluids, whiclu#fed, would most likely occur for deeper boreholes.
Recent studies show that metals associated witbrvatsed drilling fluids are not readily adsorbgd b
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living organisms (Neff 2010). Effects on benthidawooplankton communities are expected to be lunite
to physical smothering in the vicinity of the dische (Section 3.4.2 discusses the nature and etent
deposition).

The Geotechnical GP applies limits on the concéntra of mercury and cadmium in stock barite, and
places suspended particulate phase toxicity liontthe discharges of water-based drilling fluidse3e
limits are established by the national Effluent ltation Guidelines (ELGSs) for the oil and gas eati@n
point source category (40 CFR Part 435) and arkeablpy EPA for the Geotechnical GP to ensure
unreasonable degradation does not occur. EPA edgores baseline site characterization at each
geotechnical surveys and related activities, ormssion of existing, representative baseline dath a
post-activity environmental monitoring at locatidhat use water-based drilling fluids. This datd wi
establish the areas of potential impact and wikb&luated by EPA to ensure unreasonable degradatio
does not occur during the 5-year permit term. Tdta avill also be used in future agency decision-
making.

Criterion 2. The potential transport of such pollutants by dgotal, physical, or chemical processes.

Pollutant transfer can occur through biologicalybal, or chemical processes. While some degree of
physical transfer is expected from geotechnicalexs and related activities in the Beaufort andikchu
Seas, the effects would be limited by the shoratiom of activity (i.e., 1 to 3 days to drill one
geotechnical borehole depending on the diametedapths of the holes and 7 to 10 days for
geotechnical-related activities) and the quantity eomposition of discharges. Due to the shorttdra
of geotechnical borehole drilling and related at#sg the relatively small volumes of drilling fhls (if
used) and cuttings generated when compared torexiolo well drilling, the expected areas of depoait
and thickness, and the distances between geotetkoiweys and related activities, benthic habitat
effects are likely to occur in a limited area ahd éxtent and duration of effects are expectee tshiort
term.

Drilling fluid and cuttings deposition will not rek in significant accumulations on the seafloag(s
Section 3.4.2)Table ES-elow summarizes the amount of water-based dyiflinds and drill cuttings
discharged for each borehole, based on the diametedepths of each borehole. The estimates ineude
conservative assumption that water-based drillinigl$ would be used to collect all boreholes duitimg
open water season.

Table ES-3. Summary of water-based drilling fluidsand drill cuttings produced per borehole, by depth
(AOGA, 2013)

Cuttings and Drilling Fluids Discharged! per Borehole by Depth

Depth: 50 feet Depth: 200 feet Depth 500 feet
Drill Borehole Drilling Drilling Drilling
Season| Diameter? | Cuttings Fluids® | Total | Cuttings Fluids Total | Cuttings Fluids Total
Open 7 inches 11 22 f 33 f8 48 89 f3 13718 | 12418 22318 | 34718

Water
8 inches 15 # 22f¢ 37| 6418 89ft | 154f8 | 165ff 2238  388fF

9 inches 20 ft 23 f 43 f 85 fff 89 fft 17418 | 21318 2238 | 43718
On-Ice 8 inches 15 ft -4 15 ¢ 65 ff -- 65 fé 166 ¢ -- 166 f¢

1 Conversion: 1 cubic foot fit= 7.480 U.S. gallons.
2 Borehole diameters range between 4 and 12 inclés table reflects estimated volumes for an avesigediameter
borehole.
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3 Drilling fluids are not expected to be used forddwles drilled at 50 feet or less below the seafturface; however, the
volumes are included here to provide estimatescserft to cover all possible scenarios.

4 Water-based drilling fluids are not expected taibed for this activity.

Drilling fluids and drill cuttings are not directlyischarged at the sea surface, or within the watiermn.
They are pushed out of the borehole to the seafloidace by the pressure of the boring activity and
drilling fluids in the well bore. Additionally, th&eotechnical GP requires that the discharge ohauny
pit materials occur at the seafloor.

Chemical transport of drilling fluids is not welkkskcribed in the literature. Any occurrence wouldstno
likely result from oxidative/reductive reactionssadiments that change the speciation and sorption-
desorption processes that change the physicalbdigtm of pollutants.

Criterion 3. The composition and vulnerability of the biolodicammunities which may be exposed to
such pollutants, including the presence of uniquee®s or communities of species, the presence of
species identified as endangered or threatenedamirto the Endangered Species Act (ESA), or the
presence of those species critical to the struaiufenction of the ecosystem, such as those irapofor
the food chain.

Within the nearshore shallower areas, there is qutential for authorized discharges to produdeeeit
acute or chronic effects on biological communitle®ugh exposure in the water column or in the hient
environment due to relatively low dilution and {hatential presence of sensitive biological commagit
For purposes of the ODCE, nearshore shallow areadedined as the portion of the shelf between the
coast and the approximately 20-meter isobath. déiigition is consistent with that used in the
Department of Interior-sponsored studies in theuBwé Sea.

Marine organisms in shallow areas could also b@®ag to sources of contaminants, including trace
metals; however, the extent of exposure is short (e matter of daysjue to the relatively short
duration of activity, the anticipated dischargewneks, the expected rapid dilution and deposition of
discharged materials, and the required treatmeahe#tuent limitations placed by the permit. Thailis,
restrictions, and requirements in the Geotechr@dalwill minimize contaminant exposure to the
biological communities and species that exist endhea. Additionally, the Geotechnical GP’s Area of
Coverage is within federal waters, generally lod&em miles from shore, which are in deeper waters.

Eight threatened and endangered species occunwiithiArea of Coverage: two avian species
(spectacled eider, and Steller’s eider), threecesta species (bowhead, fin, and humpback whaleg), t
pinnipeds (bearded seal and ringed seal), andannévore (polar bear). The Pacific walrus is a idaik
species, subject to annual review by the U.S. &ghWildlife Service (USFWS). These species live or
spend a portion of their lives in the Area of Cage. The potential effects on those species include
temporary behavioral changes resulting from geaotieahsurveys and related activities, and potential
exposure to contaminants in the discharges. Obdhis of the transient use of the area by thosdespe
the short duration of activities at any one logatib to 3 days for geotechnical boreholes; 7 tadys for
related activities), and the limited areal extednpatential impacts, the risks to the biologicahaunities
through exposure are expected to be minimal.

EPA has completed a Biological Evaluation (BE) o éffects of authorized discharges on endangered,
threatened, proposed and candidate species. Themfided that the discharges “may affect, but are
not likely to adversely affect” ESA listed, candielaand proposed species, or their designatedatriti
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habitat areas. The USFWS and the National Marisbdfies Service (NMFS) have concurred with
EPA’s determinations of effect.

Criterion 4. The importance of the receiving water area tcstireounding biological community,
including the presence of spawning sites, nursetggfe areas, migratory pathways, or areas necedssary
other functions or critical stages in the life ®of an organism.

The Area of Coverage provides foraging habitatfoumber of species, including marine mammals and
birds. Bowhead whale migrations occur through thdtsern portions of the area with whales following
open water leads generally in the shear zone gaibge from the Chukchi Sea to the Beaufort Sea.
Polar bear dens are found near shorefast ice arkdig@ Ringed seals are polar bear’s primary food
source, and areas near ice edges, leads, or pslywhere ocean depth is minimal are the most prodguct
hunting grounds (USFWS 2009). Polar bears are tilay to be encountered during activities
conducted in shallow, nearshore locations in theuB®t Sea. Fish and other whale species use tha Ar
of Coverage for feeding, spawning, and migratidme Timited duration of the discharges authorized
under the Geotechnical GP would not degrade theviag waters or sensitive habitat.

The Geotechnical GP contains seasonal and are&tiest on the discharges, including prohibitiams
discharges onto stable ice, to the Spring Leade8ystithin the 3-25 nautical mile deferral areaha t
Chukchi Sea before July 1, and water-based drifliigs and drill cuttings (Discharge 001) during
spring and fall bowhead whale hunting activitiesha Chukchi and Beaufort Sea. The permit also
requires environmental monitoring for two phasesrtsure protection of the receiving water environime
and regional biological communities. Phase | basedite characterization is required for all looasi of
geotechnical surveys and related activities, onss&ion of existing, representative baseline datd,
Phase Il post-activity monitoring is required ifteabased drilling fluids are used.

Criterion 5. The existence of special aquatic sites includng,not limited to, marine sanctuaries and
refuges, parks, national and historic monumentsomal seashores, wilderness areas, and coral reefs

No marine sanctuaries or other special aquatis,site defined by 40 CFR 125.122, are in or adjacent
the Geotechnical GP Area of Coverage. The negpesia aquatic site—the Alaska Maritime National
Wildlife Refuge (Chukchi Unit)}—is approximately &diles to the southeast of the Chukchi Sea. The
refuge provides habitat to a number of arctic gdapecies and encompasses shoreline areas fram sou
of Cape Thompson (located approximately 26 milatéosoutheast of Point Hope) to Cape Lisburne.

The National Historic Preservation Act (NHPA) regsi federal agencies to ensure that any agency-
funded and permitted actions do not adversely affistoric properties that are included in the hiadl
Register of Historic Places or that meet the adtir the National Register. The Geotechnical GP
requires a baseline site characterization at eawtibn, or submission of existing, representatiaseline
data. Information gathered from the baseline sigracterization or otherwise submitted will asBIBA
with meeting the NHPA Section 106 requirementsemglire potential historic properties are not aéféct
by the permit.

Criterion 6. The potential impacts on human health throughctimed indirect pathways.

Human health within the communities on the Northp®| Northwest Arctic, and St. Lawrence Island
communities is directly related to the subsisteantevities in and along the Chukchi and BeaufodsSe
In addition to providing a food source, subsisteactvities serve important cultural and socialdtions
for Alaska Natives. Individuals in the communitles/e expressed concerns related to contaminant
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exposure through consumption of subsistence food®ther environmental pathways. Concerns have
also been expressed over animals swimming throisgiharge plumes that may contain chemicals.

Current levels of contamination in subsistence feagdrces are low (NMFS 2013). EPA recognizes that
even the perception of contamination could producadverse effect by causing hunters to avoid
harvesting particular species or from particul@aar Reduction of subsistence harvest or consumgtio
subsistence resources because of a lack of cooéidarthe foods could produce an effect on human
health. Because discharges could influence subsistearvest activities, the Geotechnical GP praibi
the discharge water-based drilling fluids and anifttings during spring and fdlbwhead hunting
activities in the Chukchi and Beaufort Sea, redpelst As discussed further below, the permit al49:
prohibits discharges into the Spring Lead Systethiwvthe 3-25 nautical mile deferral area in the
Chukchi Sea prior to July 1; (2) limits the concations of pollutants to be discharged; (3) require
collection of environmental data or submissioexikting, representative data the discharge ariesebe
conducting geotechnical surveys and/or relatedities; and (4) requires additional monitoring afte
completion of geotechnical surveys and relatedritiets when drilling fluids are used. These
requirements ensure direct and indirect human in@ajpacts would not occur.

Criterion 7. Existing or potential recreational and commerfigling, including finfishing and
shellfishing.

In 2009, the North Pacific Fishery Management Cdwdeveloped a Fishery Management Plan (FMP)
for fish resources in the Arctic Management Argae §eographic extent of the Arctic Management Area
is all marine waters in the U.S. Exclusive EconoAwae of the Chukchi and Beaufort Seas from 3
nautical miles offshore the coast of Alaska obaseline to 200 nautical miles offshore, north efiBg
Strait and westward to the U.S./Russia maritimenbauy line and eastward to the U.S./Canada maritime
boundary. The plan establishes a framework foraguesbly managing Arctic marine resources. It
prohibits commercial fishing in the Arctic waterfstioe region until sufficient information is availe to
support sustainable fisheries management (74 FR&G®ovember 3, 2009). The FMPs applicable to
salmon and Pacific halibut fisheries likewise pbitiihe harvest of those species in the Arctic
Management Area. The Council's Arctic FMP is crdatader authority of the U.S. Magnuson-Stevens
Fishery Conservation and Management Act (MSFCMA) iacludes the following:

All Federal waters of the U.S. Arctic will be clast® commercial fishing for any species of finfish,
mollusks, crustaceans, and all other forms of neaimmal and plant life; however, harvest of
marine mammals and birds is not regulated by tlitiAFMP.

The Arctic FMP will not regulate subsistence oreational fishing or State of Alaska-managed
fisheries in the Arctic.

Subsistence fishing occurs throughout the coastgbn of the Arctic Management Area by residents of
villages during open water seasons. Some activdtesr to a limited extent in the area during winte
generally using gill nets threaded through holthmice or by jigging. In summer, rod and reell, mt,
and jigging are techniques used to capture fishcigp harvested for subsistence purposes includécPa
herring, Dolly Varden char, whitefishes, Arctic asaffron cod, and sculpins (NPFMC 2009).

There are few recreational fisheries in the Arfenagement Area. Most recreational catch in theié\rc
likely would occur in state waters located almoatlesively in inland lakes and streams, or alorg th
coast or in river delta waters. These activitiesidall under the classification of sport, subsigte, or
personal use fisheries, and are regulated by IstattNPFMC 2009).
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Based on the limited duration of the dischargeb@i#zed and the limits and requirements established
the Geotechnical GP, it is not expected that thehdirges would affect fishing success or the qualit
the fish harvested.

Criterion 8. Any applicable requirements of an approved Coasiak Management Plan.

As of July 1, 2011, there is no longer an apprd@edstal Zone Management Act (CZMA) program in
the State of Alaska, per AS 44.66.030, becausAltdmka State Legislature did not pass legislation
required to extend the program. Consequently, Edgencies are no longer required to provide theS
of Alaska with CZMA consistency determinations.

Criterion 9. Such other factors relating to the effects ofdiseharge as may be appropriate.

EPA has determined that the discharges authorigéldebGeotechnical GP will not have
disproportionately high and adverse human heal#neironmental effects with respect to the discharg
of pollutants on minority or low-income populationsng on the North Slope, Northwest Arctic and St
Lawrence Island, particularly the coastal commaesitin making this determination, EPA considered th
potential effects of the discharges on the commesitncluding subsistence areas, and the marine
environment. EPA’s evaluation and determinatiomsdiscussed in more detail in Section 6.9.

Criterion 10. Marine water quality criteria developed pursuan€WA section 304(a)(1).

EPA's national recommended water quality critevietifie protection of aquatic life and human hegilth
surface water for the applicable pollutants of @nare presented belowTable ES-4 These criteria are
published pursuant to Section 304(a) of the CWA pmdide guidance for states and tribes to use in
adopting water quality standards.

Compliance with federal water quality criteria i&Riated under this criterion. Parameters of contar
impacts on water quality in discharges from geateszi surveys and related activities include ot an
grease, metals, chlorine, pH, temperature and$asgdended solids (TSS).

Table ES-4. National recommended water quality criéria for applicable pollutants of concern.

Saltwater Aquatic Life Human Health Consumption
CMC? (Acute) CCCS3 (Chronic) (Organisms Only)
Pollutant* ug/L pg/L Mg/L
Cadmiunt 40 8.8 4
Chlorine 13 7.5 --
Mercury 1.8 0.94 --
Methylmercury 1.8 0.94 0.3
Oil and Grease Narrati¢e --
pH - | 6.5-8.5 -
TSS Narrative --
Temperature Species Dependent --

Source: http://water.epa.gov/scitech/swguidataedmards/criteria/current/index.cfm

Criterion maximum concentration

Criterion continuous concentration

EPA has not calculated criteria for contaminavith blanks

A priority pollutant, defined by EPA as a set efulated pollutants for which the agency has d@ezlanalytical test
methods. The current list of 126 priority pollutsieain be found in Appendix A to 40 CFR Part 423.

6 For aquatic life: (a) 0.01 of the lowest continadiow 96-hour LC50 to several important freshwated marine species, each
having demonstrated high susceptibility to oils gettochemicals; (b) levels of oils or petrochensiéa the sediment which

a » W N P
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cause deleterious effects to the biota; (3) sunfeaters shall be virtually free from floating notqaéeum oils of vegetable or
animal origin, as well as petroleum-derived oilSEPA 1986).

7 The depth of light penetration not be reduced lbyenthan 10 percent (USEPA 1986).

8 (a) The maximum acceptable increase in the wemkiyage temperature resulting from artificial sesris 2C (1.8F) during
all seasons of the year, providing the summer maxire not exceeded; and (b) daily temperature €ytlaracteristic of the
water body segment should not be altered in eahwglitude or frequency (USEPA 1986).

The Geotechnical GP contains a prohibition on disgh if the waste streams contain free oil, as
determined by visual observation and/or the stdtaen test. To control the levels of metal corestitsiin
the discharge, the permit limits the concentratiminsdicator metals, such as mercury and cadmium i
stock barite, established by the national Efflugniitation Guidelines. The permit requires deck
drainage (Discharge 002), bilge water (Dischardg®) 0é@nd ballast water, if contaminated, (Discharge
010) to be treated through an oil-water separaior o discharge to control oil and grease. Thenie
also requires pH monitoring for Discharges 001, @2, 005, 006, 007, 008, and 010 as well asifignit
pH for the discharges of sanitary wastes (Disch@ff) and non-contact cooling water (Discharge 009)
if chemicals are added to the system.

Finally, the Geotechnical GP contains a daily maxmiimitation of 1 milligram per liter of chlorintr
sanitary waste water (Discharge 003) and effluemtdtions for TSS that are based on secondary
treatment standards based on best professionahgrig

Because the effluent limitations and requiremeatganed in the permit comply with federal water
guality criteria, EPA concludes that the dischangisnot cause an unreasonable degradation of the
marine environment.
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1. INTRODUCTION
1.1. Purpose

The U.S. Environmental Protection Agency (EPAk®Iing a National Pollutant Discharge Elimination
System (NPDES) general permit for wastewater diggsaassociated with oil and gas geotechnical
surveys and related activities in federal waterthefBeaufort and Chukchi Seas (Geotechnical GP,
AKG-28-4300) off northern Alaska (Figure 1-1). Sent403(c) of the Clean Water Act (CWA) requires
that NPDES permits for discharges into the teriataeas, the contiguous zone, and the oceans,lgomp
with EPA’s Ocean Discharge Criteria. As the Geatérdl GP applies to discharges to federal wathes, t
geographic scope of the Ocean Discharge Criteraduation (ODCE) extends seaward from the outer
boundary of the territorial seas. The purpose ofDBDs to assess the discharges authorized under the
Geotechnical GP and evaluate the potential foragsmeable degradation of the marine environment.

EPA’s Ocean Discharge Criteria (Title 40 of thede of Federal Regulatiof€FR] Part 125, Subpart
M) set forth factors the Regional Administrator mosnsider when determining whether discharges to
the Outer Continental Shelf (OCS) will cause unneasble degradation of the marine environment.
Unreasonable degradation is defined as followsQBR 125.121(e)):

Significant adverse changes in ecosystem diveggibductivity, and stability of the biological
community within the area of discharge and surrinmbiological communities;

Threat to human health through direct exposur@liatants or through consumption of exposed
aguatic organisms; or

Loss of aesthetic, recreational, scientific, omernic values that are unreasonable in relatiohéo t
benefit derived from the discharge.

EPA regulations set out 10 criteria to considermt@nducting an ODCE (40 CFR 125.122):

1. Quantities, composition, and potential for bmanulation or persistence of the pollutants to be
discharged.

2. Potential transport of such pollutants by bisdag physical, or chemical processes.

3. Composition and vulnerability of the biologic@mmunities which may be exposed to such
pollutants, including the presence of unique sgecrecommunities of species, the presence of
species identified as endangered or threatenedamirso the Endangered Species Act, or the
presence of those species critical to the struaufenction of the ecosystem, such as those
important for the food chain.

4. Importance of the receiving water area to threosunding biological community, including the
presence of spawning sites, nursery/forage ardgsatory pathways, or areas necessary for
other functions or critical stages in the life ®of an organism.

5. Existence of special aquatic sites including,rmi limited to, marine sanctuaries and refuges,
parks, national and historic monuments, nationaslseres, wilderness areas, and coral reefs.

6. Potential impacts on human health through daedtindirect pathways.
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Figure 1-1. Area of coverage for oil and gas geatienical surveys and related activities in federal aters of
the Beaufort and Chukchi Seas.

7. Existing or potential recreational and commaeifishing, including finfishing and shellfishing.
8. Any applicable requirements of an approved Go&sine Management Plan.

9. Other factors relating to the effects of theeké&gge as may be appropriate.
10. Marine water quality criteria developed purduarCWA section 304(a)(1).

On the basis of the analysis in this ODCE, the &saji Administrator will determine whether the geater
permit may be issued. The Regional Administrator take one of three findings:
1. The discharges will not cause unreasonable datiom of the marine environment and issue the
permit.
2. The discharges will cause unreasonable degoedatithe marine environment, and deny the
permit.
3. There is insufficient information to determitefore permit issuance, that there will be no
unreasonable degradation of the marine environraeitjssue the permit if, on the basis of
available information, that:
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Such discharge will not cause irreparable hamthe marine environment during the period in
which monitoring will take place.

There are no reasonable alternatives to the omlispesal of these materials.

The discharge will be in compliance with additiopaimit conditions set out under (40 CFR
125.123(d)).

1.2. Scope of Analysis

This document evaluates the impacts of waste wilideharges associated with the Geotechnical GP for
geotechnical surveys and related activities infaldeaters of the Beaufort and Chukchi Seas. Gil an
gas exploration, development and production a@sjtand their associated discharges, are not izgldo
by the Geotechnical GP and are not evaluated sndibéument. Sections 2.2 and 6.9.2 discuss the
differences between exploration and geotechnicakys and related activities and compare the
estimated volumes discharged associated with lgp#stof activities.

This document relies extensively on informationvied in the Final, Supplemental, and Draft
Environmental Impact Statements for BOEM Multipkease Sales 193, 209, 212, 217 and 221 (MMS
2007, 2008; BOEMRE 2010) and the Environmental sssent for Sale 202 (MMS 2006); the Effects
of Oil and Gas Activities in the Arctic Ocean Draftd Supplemental Draft Environmental Impact
Statement (NMFS 2011a, 2013), and the ODCEs for'&Baaufort and Chukchi Exploration NPDES
General Permits (USEPA 2012b). The information gmésd here is a synthesis of those documents.

1.2.1. Geotechnical GP Area of Coverage

The Area of Coverage authorized by the Geotech@€aincludes federal waters of the Beaufort and
Chukchi Seas located seaward from the outer boyraddhe territorial seas to the U.S./Russian botde
the west and extending eastward to the U.S./Candaieder. The Area of Coverage includes the lease
sale planning areas managed by the Bureau of Gfeangy Management (BOEM) located in the OCS,
as well as those from the planning area boundattysg@uter boundary of the territorial seas, where
geotechnical surveys and related activities coatnlipwithin federal waters.

1.2.2. Nature and Type of Activity
Geotechnical surveying is conducted to evaluatesdadloor and subsurface characteristics to:

Delineate potential corridors for buried in-field lines and pipelines connecting different
prospects.

Evaluate subsurface suitability for potential plaeat of ice-islands, jack-up rigs, production and
drilling platforms, and anchor structures for fiogtexploration drilling vessels.

Delineate corridors for a potential buried expdpetine between the lease prospects and shore.

Drilling boreholes to varying depths and removiediment boring samples are the primary activities
conducted during geotechnical surveying. Geoteehnétated activities include feasibility testing o
mudline cellar construction equipment, testing enaluation of trenching technologies, or other
equipment that disturbs the seafloor.

YIrreparable harmis defined as significantndesirablesffects occurring after the date of permit isseamhich will
not be reversed after cessation or modificatiothefdischarge [40 CFR 125.121(a)].
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The Geotechnical GP does not authorize dischaggEsmted with any activities requiring either loé t
following: (1) an Exploration Plan submitted to tBareau of Ocean Energy Management (BOEM) for
approval pursuant to 30 CFR 550 Subpart B; or ii2\aplication for Permit to Drill submitted to the
Bureau of Safety and Environmental Enforcement (BStursuant to 30 CFR 250 Subpart D. The
Geotechnical GP does not authorize dischargesiasstevith geotechnical activities conducted at
depths greater than 500 feet below the seafloa.Géntechnical GP also does not authorize discharge
to State of Alaska waters landward from the outemigary of the traditional 3-mile territorial se&®sr
purposes of the ODCE and Geotechnical GP, EPAdrelethe following definition of territorial seas
provided at 33 U.S.C. 81362(8), “The term ‘teridbseas’ means the belt of the seas measuredtfrem
line of ordinary low water along that portion oéthoast which is in direct contact with the opem aed
the line marking the seaward limit of inland watensd extending seaward a distance of three miles

Ice is present much of the year in both the Chukaokli Beaufort Seas. While the majority of geotecdini
surveying activities would occur during the opertevgeriods (i.e., July to October), it is possithiat
within nearshore locations, the geotechnical swwwmuld occur during the winter months when landfas
ice is present. Related activities are expectextéor only during the open water season.

During the open water season, geotechnical suaegselated activities will be conducted using eéss
such as floating, moored, jack-up and/or lift batgehe vessels may remain stationary relativedo th
seafloor by means of a dynamic-positioning (DP}esys such as single-beam sonar and ultra-short
baseline acoustic positioning, which automaticatintrols and coordinates vessel movements using bow
and/or stern thrusters as well as the primary plengs). Vessels may also be anchored to the swaflo
Winter geotechnical surveys during landfast iceqakr will not require a vessel for the drilling adies;

the geotechnical equipment would be staged orcthsurface. Geotechnical surveys and related
activities generally do not require any chase/supgessels. The actual timing of geotechnical sysve

and related activities is strongly influenced by &nd weather conditions.

Geotechnical surveys are generally short in dunadizd, depending on targeted depth, range between 1
3 days to complete one borehole. The typical diantthe boreholes ranges from 4 to 12 inches. For
purposes of this evaluation, and based on availaflemation, EPA estimates that geotechnical
surveying in federal waters of the Beaufort andkKehuSeas in any given year and performed by
multiple operators could consist of drilling appiraately 100 boreholes. The depths of the boreholes,
borehole diameter, and numbers of boreholes difpending on specific geotechnical program goals
(e.g., shallow pipeline, deep assessment, or de¢pnm assessment). The shallow pipeline borints w
generally be drilled no deeper than 50 feet belmseafloor. The deep pipeline borings would be
conducted at depths no greater than 500 feet anttvibe more typically range between 200 to 300 feet
below the seafloor.

Of the estimated 100 boreholes that may be dngkadyear in federal waters of both the Beaufort and
Chukchi Seas, approximately 1/3 of the boreholeslavbe shallow holes (50 feet below seafloor
surface), and the remaining boreholes would bectt at deeper depths (> 50 feet a0 feet below
the seafloor surface).

It is anticipated that geotechnical surveys wowddtbnducted on a 24 hour per day schedule. Shallow
boreholes can be completed during one day. Deapehbles would require 2—3 days per hole to
complete. While it is not likely that a completeat&hole will be plugged after samples have been
collected, if the substrate conditions warrantlibeehole to be plugged to maintain sub-seaflodnilitig

a heavy cement-bentonite slurry would be used.
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Geotechnical related activities are estimated b& EPoccur at a frequency of two events per sea per
year, for a combined total of 20 events during3heear term of the permit (2015-2020). Each agtivit
would take approximately 7—10 days to complete.

The Geotechnical GP will authorize discharges fgwatechnical surveys and related activities and
associated discharges from geotechnical facilibes permit term of five years, as discussed below

1.2.3. Authorized Discharges
The Geotechnical GP covers facilities that dischaffluent associated with oil and gas geotechnical

surveys and related activities in federal waterthefBeaufort and Chukchi Seas. Authorized disawarg
consist of the following:

Discharge 001 — Water-Based Drilling Fluids andl@ttings

Discharge 002 — Deck Drainage

Discharge 003 — Sanitary Wastes

Discharge 004 — Domestic Wastes

Discharge 005 — Desalination Unit Wastes

Discharge 006 — Bilge Water

Discharge 007 — Boiler Blowdown

Discharge 008 — Fire Control System Test Water

Discharge 009 — Non-Contact Cooling Water

Discharge 010 — Uncontaminated Ballast Water

Discharge 011 — Drill Cuttings (not associated Vidtilling Fluids)

Discharge 012 — Cement Slurry

EPA has applied the Effluent Limitation Guidelir(&.Gs) for the Offshore Category of the Oil and Gas
Extraction Point Source Category, found at 40 CBR, Subpart A, to the water-based drilling fluidsia
drill cuttings discharge (Discharge 001), and teeotdischarges as appropriate, based on Best
Professional Judgment (40 CFR 122.44). ELGs afentdogy-based national standards for controlling
conventional and toxic pollutants, based on théopeance of treatment and control technologies.

1.3.  Overview of Document

This ODCE provides an evaluation of the types aftgehnical surveys and related activities discharge
estimated discharge volumes, and potential effeats discharges authorized under the Geotechnifal G
on receiving water quality, biological communitiasd human receptors. Section 2 provides a general
description of the anticipated geotechnical sunas related activities. Section 3 discusses thestyand
estimated quantities of discharges, and descritepdtential dispersion of the discharged materials
Section 4 summarizes the physical environmentsarChukchi and Beaufort Seas. Section 5 summarizes
the aquatic communities and important speciesudicg threatened and endangered species, and the
potential biological and ecological effects fromsatiarges associated with geotechnical surveys and
related activities on those species. Section 6esdess the ten ocean discharge criteria and evaluate
whether the Geotechnical GP will cause unreasorgdgeadation of the marine environment.
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2. OIL AND GAS GEOTECHNICAL SURVEYING AND RELATED
ACTIVITIES

2.1. Description of the Activities

Geotechnical surveys and related activities witlude collection of sediment borings to assess the
seafloor and subsurface conditions for potentistaltations of development and production platfgrms
ice islands, anchor structures for floating exgioradrilling vessels, and for buried oil delivgpipeline
systems. Examples of related activities includsifiakty testing of mudline cellar construction
equipment and other equipment that disturbs thiéosea

Geotechnical surveying operations are generallytshauration and, depending on depths ranginmfro
50 feet to no greater than 500 feet below the seaflurface, can be completed within 1 to 3 days pe
borehole. Uncertainties associated with subsuidiackor weather conditions can reduce or extend this
time. It is anticipated that geotechnical drillwgl be conducted on a 24 hour per day schedule. Fo
purposes of this evaluation, EPA estimates thateqopately 100 geotechnical boreholes would be
completed each year in federal waters during thegs-permit term. EPA assumes that approximatdy 1/
of the boreholes would be shallow holesQ feet), and 2/3 of the boreholes would be ct#i@at deeper
depths (> 50 feet and500 feet).

Spacing between borehole locations will vary. &liiipeline spacing could range from boreholes 50to
kilometers (16,500 to 32,800 feet) apart; howeasrtthe pipeline route is refined over time, thecbap
would need to be closer and could range from 0BKkidlometers (1,640 to 3,281 feet) apart. Other
geotechnical surveys may require spacing of appratély 500 feet between boreholes and up to ¥4 to %2
mile (1,320 to 2,640 feet) between holes. In treeaa evaluating jack up rig spud cans (cylindhcal
shaped steel shoes with pointed ends, similarctea, that are driven into the ocean floor to siddbility

to the rig during operations), boreholes are typicgpaced 3-5 meters (10 to 16.4 feet) apart. Deipg
upon the stratigraphy, boreholes might be driltedll 3 jack up rig spud can locations. The actual
spacing of these boreholes would then be depengent the jack up rig selected. However, spud cans
are usually on the order of 30—40 meters (98.8foZfeet) apart.

Geotechnical related activities could occur twiee year per sea, consisting of a total of 10 eveets
sea, or 20 times over the 5-year term of the pednieasonable assumption of the scope of the
equipment feasibility testing activities may inctuskeafloor disturbance of half the size and sdaleeo
mudline cellars completed by Shell in 2012 at theg®r and Sivulliq prospects, as feasibility tegiifh
equipment are not expected to result in constrnaiiche entire mudline cellar. The feasibilitytiag
activities are expected to be completed approximatel0 days per event. Shell's mudline cellarsZre
feet wide and 40 feet deep.

Geotechnical surveys and related activities inQxS must be conducted in accordance with BOEM and
BSEE regulations. Per BOEM regulations at 30 CFR ®bthese types of geotechnical surveying
activities are considered ancillary activities. Wha permit is not required from BOEM for ancillary
activities (30 CFR 550.105), prior to authorizihg tactivities, BOEM requires notification by the
operator at least 30 days in advance of plannaegsi(30 CFR 550.208).

Water-based drilling fluids may be used to drilbtgehnical boreholes, especially the deeper hakswb
50 feet. The primary purpose of drilling fluids inde: (1) providing a lubricant during the drilling
process; (2) helping to promote borehole stabi(By;helping to remove cuttings and debris fromhbke
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so sediment borings can more easily be retrievéldetwessel; and (4) preventing the loss or darnage
equipment in the borehole.

It is anticipated that seawater will be used agtiveary lubricant, particularly for the shallowlgs.
However, hole sweeps, i.e., removal of cuttingsiftbe borehole, may require the use of additivesh s
asa salt water gel (i.e., Attapulgite Clay, Sepiglig@argum or polymers) as a viscosifying agent.deee
holes may require the use of barite to increasevéfight of the drilling fluid to increase-for hadeability.
The general make-up of water-based drilling fluiddudes 6.4% salt water gel, 1.3% barite, and%2.3
seawater.

Drilling fluids are mixed onboard the vessel inmaud pit,” either a round or square open-top coetain
which has an approximate holding capacity of 800,660 gallons. A mud pit is fitted with a mud
agitator to keep the solids (drilling additive)rfr settling to the bottom of the container. Opemato
intend to pre-mix large batches of drilling fluighsthe mud pit, and depending on the sizes of ihe p
multiple batches may be mixed during a seasorassidgle batch of fluids could be used to drill tiplé
geotechnical boreholes. If solids become a prolatetne mud pit during the season, then the systéim w
be “cleaned” by flushing the container with seaweadgitating, and discharging the mixture at the
seafloor. Any excess drilling fluids that remairtiee mud pit after completion of the last geotecahi
borehole of the season will be discharged at thfia®.

There are three primary technologies used to cdrghatechnical surveys:
Seabed-Based Drilling System
Jumbo Piston Corer Sampling System
Conventional Wet-Rotary Drilling Technology

Seabed-based drilling systems are operated renfobefyan A-frame onboard the facility. The seabed-
based drilling system is placed on the seafloat,@mducts cased-hole drilling to recover boringsias
(each boring sample is approximately 3m in lendgfthe system has enough casings to drill to 100 feet
below the seafloor at one time, obtaining undigtdrboring samples up to that depth. The system can
also drill upwards of 300 feet below the seafldmyever, there are no additional casings availtsle
use beyond 100 feet. Seabed-based drilling systemnst require the use of drilling fluids as the
borehole is cased from the seafloor mudline tdotittom of the hole. The casing is removed upon
completion of the borehole. Due to the continucare sampling ability, the amount of cuttings defsaki
at the seafloor is much less compared to the cdioveh rotary drilling technology (discussed below)
This technology can conduct cone penetrometer (€§3). Tests performed using a CPT providsitu
data on site stratigraphy (i.e., subsurface sedieeth rock layers), homogeneity of subsurface
stratigraphy and pore-water pressure; this datash@rroborate information obtained from laboratory
analysis of the collected boring samples.

The jumbo piston corer (JPC) has been used indcomditions for borehole assessments upwards of 60
to 100 feet below the seafloor. The JPC is noilbndytechnology, but rather a core sampling syste
which consists of a continuous coring tool thdowered to the seafloor on a heavy lift winch opeda

from an A-frame. The coring tool has a trigger deuihat is activated once the JPC nears the seafloo
allowing the JPC to freefall from a set distanaesidg the corer into the seafloor in one continsiou
motion. Some JPC sampling systems utilize a weibbteehead (4,000-5,000 pounds), to retrieve
sediment samples from greater depths. With eitrethad, the JPC retrieves an undisturbed continuous
core sample between 60-100 feet in length (L. D&hell, personal communication (9/25/2013) and
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Woods Hole Oceanographic Institution Seafloor Labmy Sampling Website (accessed 9/25/2013)).
Since the JPC coring system does not conduct alfipgloperations, it does not require the use of
drilling fluids and will not result in the discha®f cuttings at the seafloor. CPT soundings aneigdly
conducted at a site adjacent to the borehole lmtati

The conventional wet-rotary drilling technologytihe primary system proposed for use in the Beaufort
and Chukchi Seas. The conventional techniquesearerglly performed from a variety of vessel types
with standard drill pipe and a top-drive drilling.rThese activities are generally performed fréwn t
deck of a vessel positioned on location by eithygraghic positioning utilizing satellite technologyr,

with older vessels, a 4-point anchor spread (St@4). The conventional wet-rotary drilling techogy
has the ability to drill up to 500 feet below tleaBoor. It generally requires the use of seaw@tehout
additives) or drilling fluids as a lubricant. Theeuof drilling fluids is dependent on the desiregtti of
the borehole and the subsurface sediment chamstiatsriAll drilling fluids and drill cuttings are
discharged at the seafloor.

Stationary vessels are used to conduct geotechsicatying activities during the open water periods
During the winter months, the drilling equipmentarther supporting equipment would be staged on the
ice surface.

2.2. Comparison of Geotechnical Surveys to Explorat  ion Activities

There are numerous differences between geoteclsupatys and related activities and exploration
drilling, including associated discharges assodiat¢h each activity. Some key differences include:

Goals of the activities

Sizes of the holes, drilling depths below the seafsurface, and duration of the activities
Types of equipment used

Discharge location of drilling fluids and drill ¢urtgs (Discharge 001)

Discharge volumes

The primary goal under an exploration drilling praxg is to drill exploration wells to determine the
nature of potential hydrocarbon reservoirs. Thesksvinclude multiple casings and are drilled into
geologic formations that are typically 10,000 feetore below the seafloor surface and can take
approximately 30 to 45 days to complete, dependimtargeted depths and type of drill rig used.
Whereas, the focus of geotechnical surveying aladet activity is to evaluate the characteristicthe
subsurface conditions and the feasibility of eq@ptfor use in Arctic conditions, respectively. A
detailed description of these activities is prodiddove in Section 2.1.

The initial exploration well drilling process tygilly requires a large-diameter pipe, typically B6hes,
called the conductor casing, that is hammereadetir placed on the seafloor, depending on the
composition of the substrate (USEPA 1993). As thiettble deepens, drilling is stopped periodicatly
add sections of cylindrical steel casing througlcivithe drill string operates. The casing keepsaakis
from collapsing and binding the drill string. Toggeeach string of casing in place, cement is pumped
down through the new string of casing, forced duhe open hole and back up the annular spacedeutsi
the casing, between it and the open hole, fillmg\toids. Once the cement is set outside the casiag
drilling process can continue. The addition of ngstan be continued until final well depth is resath
Geotechnical surveys, on the other hand, do naiwevmultiple casings; rather, a coring tool isdig2
collect and remove the boring sample.
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During exploration drilling, drilling fluids are paped down through the drill pipe and ejected from t
drill bit into the well. The drilling fluids lift attings off the bottom of the well away from thelldsit, and
circulate the cuttings back to the surface thrathghannular space between the outside of the pigh¢he
borehole. The cuttings and fluid are sent througkrées of shaker tables and separators to rerheve t
fluid from the cuttings. The cuttings are then dsgd through an outfall or disposal caisson, depgnd
on the type of exploratory drilling rig or unit.

The drilling fluid is returned to the mud pit fakaycling. As drilling proceeds, these components
accumulate and eventually the fluid becomes tooouis for further use. When this happens, a podfon
the drilling fluid is discharged (to the water camin), and water and additives, such as barite (lvariu
sulfate), are added to the remaining drilling fltadoring concentrations back to proper levels, to
counteract reservoir pressures and prevent watear $eeping into the well from the surrounding rock
formation (Neff 2008; USEPA 2000).

Unlike exploration drilling, seawater will be usas the primary lubricant to drill the shallow
geotechnical boreholes. In certain instances anddeper boreholes, a salt water gel may be used to
assist with the displacement of cuttings from tbeehole. Deeper holes may also require the usarieb
to increase the weight of the drilling fluid forllcstability. The drilling fluids and drill cuttirsy
associated with geotechnical surveys are pusheadfalée borehole to the seafloor surface and diggth
at the seafloor.

As discussed in Sections 3.1 and 3.2, the dischdrgm oil and gas geotechnical surveys and related
activities authorized under the Geotechnical GPsandar in nature to those discharges associatdd w
exploration drilling activities. However, the exped discharge volumes from geotechnical surveys and
related activities are significantly less.
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3. AUTHORIZED DISCHARGES, ESTIMATED QUANTITIES, AND
MODELED BEHAVIOR

3.1. Authorized Discharges

Geotechnical surveys and related activities geaexatumber of waste streams that are discharged int
federal waters of the Chukchi and Beaufort Seastégbnical surveys result in a disturbance of the
seafloor and may produce discharges consistingdifrent, rock and cuttings materials, in addition t
facility-specific waste streams associated withigtary vessels. Related activities also resudt in
disturbance of the seafloor and produce similastdisges.

The Geotechnical GP authorizes discharges of 1&veagams listed in Section 1.2.3, subject toifipec
requirements, and includes the general provisions:

No discharge within the 3-25 nautical mile leasiedtal area in the Chukchi Sea prior to July 1.

No discharge of water-based drilling fluids andl drittings (Discharge 001) during bowhead
hunting activities in the Chukchi and Beaufort Seabe spring and fall, respectively.

All mud pit discharges must occur at the seafloor.
No discharge of any waste stream onto stable ice.

No discharge of any waste stream if an oil sheeetiscted either through visual observation or a
static sheen test.

Chemicals added to any discharge must not exceatdkimum concentrations specified in the
EPA product registration labeling or the manufaetisrrecommended concentration. An inventory
of all chemicals used must be kept and reportetjding product names, registration number,
constituents, total quantities used, rates ofwhere in the process they are used, and calculated
maximum concentrations in any discharged wastarstre

Toxicity characterization must be conducted forftilewing waste streams if chemicals are added:
deck drainage (002); desalination unit wastes (d8lig)e water (006); boiler blowdown (007); fire
control system test water (008); and non-contaolimg water (009). Effluent toxicity
characterization must be conducted weekly, or pecelischarge event, as applicable.

Report the volumes of each waste streams discharged

3.2. Summary of Permit Changes

EPA made several changes to the requirements @eléechnical GP from the draft version, as
discussed in this ODCE and the Fact Sheet thanguanied the Geotechnical GP re-proposal. The
changes included the following:

Adding a seasonal restriction to prohibit all dimayes within the 3-25 nautical mile deferral arethie
Chukchi Sea (
- ) before July 1;
Clarifying Environmental Monitoring Program (EMRquirements;
Clarifying drilling fluid testing requirements fd@rilling Fluids and Drill Cuttings (Discharge
001);
Revising sampling frequencies for total residudbihe and fecal coliform associated with
Sanitary Wastewater (Discharge 003); and
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Clarifying Notice of Intent (NOI) submission regainents.

The seasonal restriction prohibiting all dischangéhin the 3-25 nautical mile deferral area in the
Chukchi Sea corresponds with other federal regglatmuirements, such as BOEM'’s decision to defer
the 3-25 nautical mile area in the Chukchi Sea fiemsing. The July 1 date is based on many factors,
including the fact that offshore activities areditenally conducted during the open water (icesjre
season, which typically begins on or after Julgrid corresponds with NMFS’ estimate of completibn o
the spring bowhead whale migration (NMFS 2011) issmdtandard restriction under the Marine Mammal
Protection Act (MMPA) prohibiting vessel entry irtee Chukchi Sea through the Bering Strait prior to
July 1 (NMFS 2012).

3.3. Description of the Discharges

3.3.1. Water-Based Drilling Fluids and Drill Cuttings (Dis charge 001)

The Geotechnical GP authorizes the discharge admmtsed drilling fluids and drill cuttings, incind
the discharge of residual drilling fluids from thrud pit cleanup operations, which typically ocooinge
per season, to the seafloor. Drilling fluids aré medurned to the sea surface; they exit the bdeehicthe
seafloor at the top of the borehole with the cgtin

Drilling fluids and drill cuttings discharges angbgect to the following effluent limitations:

Suspended particulate phase acute toxicity tesfidglling fluids (once per season OR if a new
drilling fluids formulation or lot/supply of stodbarite is used during the season, then a new test
must be conducted).

No discharge upon failure of the static sheen(tizsly).
No discharge of drilling fluids or drill cuttingsegerated using drilling fluids that contain diesiél

Mercury and cadmium concentrations in stock barigelimited at 1 milligrams per kilogram
(mg/kg) and 3 mg/kg, respectively.

The drilling fluid systems must be analyzed for agedf concern if barite is used.

As discussed in the Fact Sheet for the permit opgsal, EPA removed the “once per batch” testing
requirements for suspended particulate phase tgxoid mercury and cadmium. The testing frequency
has been replaced with once per season, and sgmmdin be performed pre-season. If a new drilling
fluids formulation or lot/supply of stock bariteused during the season, however, then additiestihg

is required.

Additionally, the Geotechnical GP requires enviremial monitoring for two phases: Phase | site
characterization for all locations of geotechnmaiveys and related activities, or submission @fteng,
representative baseline data; and Phase Il pasttachonitoring if water-based drilling fluids aresed.

As discussed above, seawater will be used as imanyrlubricant to collect the shallow geotechnical
boreholes. In certain instances, a salt water ggl Ine used to assist with the displacement ofrgsti
from the borehole, called “borehole sweeps.” Dedpdes may require the addition of barite to inseea
the weight of the drilling fluid for hole stabilityrhe general make-up of water-based drilling fuiiol
geotechnical surveying is 92.3% seawater, 6.4%wsxkr gel, and 1.3% barite.

Examples of salt water gel, or visosifier agentdude Attapulgite Clay, Sepiolite, guargum, or othe
natural polymers. Attapulgite is a naturally ocaugrhydrated magnesium aluminum silicate clay
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mineral. Guar gum is extracted from the Guar s&ébd.most important property of Guar Gum is its
ability to hydrate rapidly in cold water to attainiform and very high viscosity. It is widely usiedthe
oil and gas industry for controlling fluid and watess and lubricating and cooling of drill bits
(http://npguar.com/en/guar_gum.php). Both attapellghd Guar Gum are listed under the Oslo/Paris
Convention (for the Protection of the Marine Enwmmzent of the North-East Atlantic) (OSPAR) List of
Substances Used and Discharged Offshore which@msidered to Pose Little or No Risk to the
Environment (PLONOR) (AOGA 2013).

Barite is a chemically inert mineral that is heawy soft, and is the principal weighting agent atex-
based drilling fluids. Barite is composed of overggrcent barium sulfate, which is virtually indaikelin
seawater, and is used in geotechnical activitié#saease borehole stability. Quartz, chert, diisaother
minerals, and trace levels of metals can also bsemtt in barite. Barite is a concern becausekit@svn

to contain trace contaminants of several toxic fieagtals such as mercury, cadmium, arsenic,
chromium, copper, lead, nickel, and zinc (USEPAQOO0

Table 3-1 presents the metals concentrations génfyand in barite that were the basis for theroadn
and mercury limitations in the Oil and Gas Offsh8tdbcategory of the effluent limitation guidelines.

Table 3-1. Typical metals concentrations in bariteised in drilling fluids.

Barite concentrations
Metal (mg/kg)
Aluminum 9,069.9
Antimony 5.7
Arsenic 7.1
Barium 359,747.0
Beryllium 0.7
Cadmium 1.1
Chromium 240.0
Copper 18.7
Iron 15,344.3
Lead 35.1
Mercury 0.1
Nickel 13.5
Selenium 1.1
Silver 0.7
Thallium 1.2
Tin 14.6
Titanium 87.5
Zinc 200.5

Source: USEPA (1993) 821-R-93-003 (Offshore ELCGelapment Document); Table XI-6

Drilling fluids will be mixed as a batch and useddrill multiple geotechnical boreholes. The
composition of drilling fluids may be adjusted frame borehole to the next. Given the relativelylisia
depths of the geotechnical boreholes as comparexjloration drilling, it is expected that one batf
drilling fluids would be used during the seasonybueer, it is possible that multiple batches maybed
for one hole. The Geotechnical GP requires testinguspended particulate phase toxicity and mgrcur
and cadmium in stock barite no less than once gasas, with additional testing required if the i
fluids formulation or lot/supply of stock bariteariges during the course of a drill season.

ODCE for Oil and Gas Geotechnical Surveys and Related Activities NPDES General Permit 3-3
Final — January 2015



3.4. Other Discharges

In addition to water-based drilling fluids and Hduttings (Discharge 001), the Geotechnical GP
authorizes 11 other waste streams for dischargeplirposes of the ODCE, the discussion of sanaad/
domestic wastewater is combined. Discharges 0(2,@™4, 005, 006, 007, 008, 009, and 010 are also
referred collectively as “miscellaneous dischargashe ODCE. Discharge 011 includes cuttings
materials that are not associated with drillingd$y i.e. where no drilling chemicals or additiaee used.
The Geotechnical GP includes specific effluenttations, monitoring and reporting requirements for
each of the waste streams.

3.4.1. Deck Drainage (Discharge 002)

Deck drainage refers to any wastewater generabed deck washing, spillage, rainwater, and runoff
from curbs, gutters, and drains, including dripgand wash areas. Such drainage could include
pollutants such as detergents used in deck angmeut washing, oil, grease, and drilling fluiddlspl
during normal operations.

When water from rainfall or from equipment cleangmmes in contact with oil-coated surfaces, theewat
becomes contaminated and must be treated prigstbatge. The Geotechnical GP requires separade are
drains for washdown and rainfall that may be comabed with oil and grease from those area drdiast t
would not be contaminated so the waste streamscareomingled. The permit also requires all deck
drainage contaminated with oil and grease to kaddethrough an oil-water separator prior to disgha
monitoring for pH, and effluent toxicity charactetion if chemicals are used in the system.

3.4.2. Sanitary and Domestic Waste (Discharge 003 and 004)

Sanitary waste (Discharge 003) is human body wgistharged from toilets and urinals and treated wit
a marine sanitation device (MSD). The dischargriigect to secondary treatment and consists of
chlorinated effluent. Domestic waste (Discharge)@@#ers to gray water from sinks, showers, lauws]ri
safety showers, eyewash stations, and galleys. @aésr can include kitchen solids, detergents,
cleansers, oil and grease. The Geotechnical GRbothe discharge of floating solids, garbagdyrie
sludge, deposits, foam, scum, or other residuasykind. In cases where sanitary and domesticesast
are mixed prior to discharge, the most stringestitirge limitations for both discharges must apply
the mixed waste stream.

The volume of sanitary and domestic wastes varidslywwith time, occupancy, facility characteristic
and operational situation. Pollutants of concersanitary waste controlled by the Geotechnical GP
include biochemical oxygen demand, pH, total sudpdrsolids (TSS), fecal coliform bacteria, andltota
residual chlorine.

3.4.3. Desalination Unit Waste (Discharge 005)

Desalination unit waste is residual high-concemrabrine, associated with the process of creating
freshwater from seawater. The concentrate is sirtilaeawater in chemical composition; however,
anion and cation concentrations are higher. Thaggbaical GP requires pH monitoring and effluent
toxicity characterization if chemicals are added.

3.4.4. Bilge Water (Discharge 006)

Bilge water is seawater that collects in the loimégrnal parts of a vessel hull. It could become
contaminated with oil and grease and with solidshsas rust, when it collects at low points inltiiges.
The Geotechnical GP requires treatment of all bilgéer through an oil-water separator before
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discharge, monitoring for pH, and effluent toxiotyaracterization if chemicals are added. Additilgna
the permit includes a best management practiced?(Bibvision requiring the operator to ensure that
intake and exchange activities minimize the riskntrfoducing non-indigenous/invasive species tabot
the Chukchi and Beaufort Seas.

3.4.5. Boiler Blowdown (Discharge 007)

Boiler blowdown is the discharge of water and matedrained from boiler drums to minimize solids
buildup in the boiler. The Geotechnical GP requiremitoring for pH and effluent toxicity
characterization if chemicals are added.

3.4.6. Fire Control System Test Water (Discharge 008)

Fire control system test water is seawater thatlé&ased while training personnel in fire protettiand
the testing and maintaining of fire protection guuént. Similar to the other miscellaneous discharge
discussed above, the Geotechnical GP requires onmgjtfor pH and effluent toxicity characterizatibn
chemicals are added.

3.4.7. Non-Contact Cooling Water (Discharge 009)

Non-contact cooling water is seawater that is disedon-contact, once-through cooling of various
pieces of equipment on the vessel. Non-contacirp@tater consists of one of the highest volumes of
the discharges authorized under the Geotechnical@volume of non-contact cooling water depends
on the configuration of heat exchange systems. Systems use smaller volumes of water that are
heated to a greater extent, resulting in a higiraperature differential between wastewater andviece
water. Other systems use larger volumes of wateodb equipment, resulting in a smaller difference
between the temperatures of wastewater and regenater. Depending on the heat exchanger materials
and the system’s design, biocides or oxidizing &gemght be needed to control biofouling on conéens
tubes and intake and discharge conduits.

The Geotechnical GP requires monitoring for pH,gerature, and effluent toxicity characterization if
chemicals are added. In addition, the permit eistads a pH limit of 6.5-8.5 standard units if cheais
are added, and includes a BMP provision requitiregdperator to ensure that cooling water intake
structures are selected and operated to minimipegngement and entrainment of fish and shellfish.

3.4.8. Uncontaminated Ballast Water (Discharge 010)

Ballast water is seawater added or removed to miaithe proper ballast floater level and vessétdra
The Geotechnical GP requires all ballast wateramirtated with oil and grease to be treated thr@ugh
oil-water separator before discharge. The perraig e¢quires monitoring for pH.

3.4.9. Drill Cuttings (not associated with Drilling Fluids ) (Discharge 011)

Drill cuttings are small rock particles, varyingsize from fine silt to gravel, deposited onto sleafloor
surface as a result of boring activities. This wasdteam is comprised of cuttingst associated drilling
fluids. Cuttings materials are either pushed ouhefborehole or flushed out by the use of seawates
discharge is generally associated with shallow aes and the geotechnical related activities et
include feasibility testing and evaluation of aildagas technologies, such as mudline cellar costgiru
or trenching that would disturb the seafloor sugfac
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3.4.10.

Excess Cement Slurry (Discharge 012)

Most geotechnical boreholes will not be pluggedyéwer, in rare cases the substrate conditions may
warrant the holes to be plugged to ensure subeswadtability. If needed, a heavy bentonite sluvould

be used.

3.5.

Estimated Discharge Quantities

The estimated scope of geotechnical surveys iB#afort and Chukchi Seas in any given year
performed by multiple operators within federal watis approximately 100 boreholes. Discharge
estimates for geotechnical surveys and relatedites were derived by EPA using available inforimat
and best professional judgment. The tables belowige an estimate of potential volumes that coed b
discharged for each waste stream during the 5{gear of the Geotechnical GP. Table 3-2 provides
estimated discharge volumes of waste streams, fity @ad per year, associated with geotechnical
surveying activities to be conducted in federalessbf the Beaufort and Chukchi Seas. All borehates
assumed to require the use of water-based drillings and drill cuttings, though in reality, masgtallow
boreholes may only utilize seawater.

Table 3-2. Estimated discharge volumes of wastesams associated with geotechnical activities peobehole

and per year.

Estimated Discharge| Estimated Discharge
Volume! per Shallow?| Volumes per Deep
Geotechnical Geotechnical Estimated Discharge
Borehole Boreholes Volumes per Yeaf
50 feet > 50 and 500 feet 100 boreholes
Discharge u.S. Liquid Gallons
Wat_er—based drilling fluids and drill 7.006 21,006 1,232,000
cuttings (0015
Deck drainage (002) 2,000 6,000 352,000
Sanitary wastes (003) 2,473 7,418 435,186
Domestic wastes (004) 21,000 63,000 3,696,000
Desalination unit wastes (005) 109,631 328,892 a7
Bilge water (006) 3,170 9,510 557,927
Boiler blowdown (007) N/A -- --
Fire control system test water (008) 2,000 6,000 2,380
Non-contact cooling water (009) 2,726,234 8,178,703 479,817,254
Uncontaminated ballast water (010) 504 1,512 88,704
Drill cuttings (not associated with N/A® B _
drilling fluids) (011Y
Cement slurry (012) 1 3 114
1 Source: Shell’s NPDES Permit Application Form 2(rl 3, 2013) and L. Davis (personal communicatidagust 7, 2013).
2 Shallow boreholes: Depth50 feet
3 Deep boreholes: Depth >50 feet an800 feet
4 Source: AOGA 2013
5

Discharged at the seafloor and may include mudleénup materials. To provide a conservative eséinigPA assumes all

100 boreholes would utilize water-based drillingids. Also, approximately 4,800 gallons of drillifigids is estimated to be
discharged from the mud pit per year. This dischagume is in addition to the Discharge 001 esiaolume presented in

the table above.

6 Conservative estimates that include entrained atsmvand do not account for boring sample removal.
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7 Discharge 011 includes the cuttings materials gaad from geotechnical related activities. Forpases of the ODCE, EPA
estimates that approximately 235,000 gallons dfrayg materials would be discharged from equipnfieadibility testing
activities during the 5-year permit term.

8 Discharge 011 may also include cuttings from shaboreholes. While the majority of shallow boretsofeay not use water-
based drilling fluids, to provide a conservativéraate, EPA assumes drilling fluids would be used the volumes are
captured above under Discharge 001.

As discussed in Section 3.1.1, above, mud pit cdpavould be discharged at the end of a geotechnical
surveying season. Estimated discharge volumestaveeen provided by industry; therefore, for
purposes of this ODCE evaluation, EPA assumedhkanud pit capacities are either 800 or 1,600
gallons. If four different companies operate easdisen and all use drilling fluids to collect a tatal100
boreholes, then approximately 4,800 gallons of pitichaterials (seawater and additives) would be
discharged per year at the seafloor under Discl@dggUSEPA 2013).

The discharges of cuttings materials associated gabtechnical related activities would occur under
Discharge 011. EPA assumes that those activitieddaaxcur two times per year per sea (i.e., four
geotechnical related activities would occur eadr)yeonsisting of a total of 20 events over tle frear
term of the permit. The duration of geotechnicédtezl activities would consist of approximately @-1
days per event. Furthermore, EPA assumes eachmeguigeasibility test would disturb an area ha#f th
dimensions of a typical mudline cellar, resultingai seafloor disturbance of approximately 10 faeew
by 20 feet deep. Therefore, one feasibility teséingvity would result in an approximate discharge
volume of 11,750 gallons for a total volume of ZBH) gallons of cuttings discharged during the S-yea
term of the permit. These assumptions are baspdrtron discharges associated with mudline cellar
construction reported by Shell for its Burger A &idullig N/G leases in the Chukchi and Beauford,Se
respectively, and on best professional judgment.

Discharge 011 may also include cuttings from skaboreholes. While the majority of shallow
boreholes may not use water-based drilling fluidgrovide a conservative estimate, EPA assumes
drilling fluids would be used and the volumes aaptared under Discharge 001.

3.6. Predictive Modeling of Discharges

3.6.1. Dilution of Suspended Drilling Fluid and Drill Cutt ings

EPA applied a two-dimensional advection diffusigu&tion to predict dilution of drilling fluids ardfill
cuttings. The first analysis isolated the drillithgds discharge, and included scenarios for timgeaof
expected discharge rates (172 to 556 gallons pefgdd/day)) and current speeds (0.02 to 0.4 mgiers
second (m/s). Dilution was estimated at three desta from the location of the borehole on the serfa
the seafloor (1, 10, and 100 meters). Across athagos, the predicted dilution ranges from a 16\8.6
(1 meter distance, 556 gal/day discharge, and@/8Zurrent) to a high of 4188 (100 meter distat@e,
gal/day discharge, and 0.4 m/s current). Becawsarihlysis is based on simple lateral spreadieg, th
predicted dilution at 100 meters is 10 times thetidin at 1 meter (i.e., proportional to the squaret of
the radius) for a given current speed and dischaige At a fixed distance of 100 meters, acradss al
current speeds and discharge rates, the dilutimgeisafrom 65 to 4188. The results for dilution oflidg
fluids discharges are shown in Table 3-3.
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Table 3-3. Predicted dilution for drilling fluids discharges from geotechnical surveys.

Current Discharge | Discharge Dilution Dilution Dilution
Case ID Speed Rate Rate Factor Factor at | Factor at

(m/s) (gal/day) (cm/s) at 1 meter | 10 meters | 100 meters
101 0.02 172 7.57 E-6 20.9 66.2 209.4
102 0.02 333 14.65 E-6 10.8 34.2 108.2
103 0.02 556 24.46 E-6 6.5 20.5 64.8
104 0.10 172 7.57 E-6 104.7 331.1 1047.p
105 0.10 333 14.65 E-6 54.1 171.1 541.1
106 0.10 556 24.46 E-6 32.4 102.5 324.1
107 0.30 172 7.57 E-6 314.1 993.4 3141.p
108 0.30 333 14.65 E-6 162.3 513.3 1623p
109 0.30 556 24.46 E-6 97.2 307.4 972.2
110 0.40 172 7.57 E-6 418.8 1325.G 4188.p
111 0.40 333 14.65 E-6 216.4 684.4 2164
112 0.40 556 24.46 E-6 129.6 409.9 1296.p

The same analytical approach was used for the ecwdhdischarge of drilling fluids and drill cuttings
The results are linearly proportional to the disgeaate, and the total discharge is assumed to be
comprised of nearly equal parts cuttings and dglfiluids. The expected total discharge rate rafgpes
322 to 1093 gal/day. The predicted dilution ranfges a low of 3.3 (1 meter distance, 1093 gal/day
discharge, and 0.02 m/s current) to a high of 2288 meters distance, 322 gal/day discharge, and
0.4m/s current). At 100 meters, across all scesati® dilution ranges from 33 to 2238. The resarés
presented below in Table 3-4.

Table 3-4. Predicted dilution for combined drilling fluids and cuttings discharges
from geotechnical investigations.

Current Discharge | Discharge Dilution Dilution Dilution
Case ID Speed Rate Rate Factor at Factor at | Factor at

(m/s) (gal/day) (cm/s) 1m 10 meters | 100 meters
101 0.02 322 14.17 E-6 11.2 35.4 111.9
102 0.02 651 28.64 E-6 55 17.5 55.3
103 0.02 1093 48.08 E-6 3.3 10.4 33.0
104 0.10 322 14.17 E-6 55.9 176.9 559.4
105 0.10 651 28.64 E-6 27.7 87.5 276.8
106 0.10 1093 48.08 E-6 16.5 52.1 164.9
107 0.30 322 14.17 E-6 167.8 530.7 1678.p
108 0.30 651 28.64 E-6 83.0 262.6 830.93
109 0.30 1093 48.08 E-6 495 156.4 494.4
110 0.40 322 14.17 E-6 223.8 707.6 2238.p
111 0.40 651 28.64 E-6 110.7 350.1 1107.p
112 0.40 1093 48.08 E-6 65.9 208.5 659.5
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3.6.2. Thickness and Extent of Drilling Fluids and Drill C uttings

EPA estimated the thickness of deposition of aglfluids and drill cuttings based on the advection
diffusion equation. The same range of ambient csrand discharge rates were used as in the dilutio
analysis (see Section 3.4.1, above). Similar taltheion analysis, the predicted thickness of dejpan

at 100 meters is 10 times the thickness at 1 nge¢er proportional to the square root of the rajifior a
given current speed and discharge rate. Acrossatiarios, the predicted thickness ranges frorgladfi
30 millimeters (1 meter distance, 1093 gal/daylthsge, and 0.02 m/s current) to a low of 0.04
millimeters (100 meters distance, 322 gal/day disgh, and 0.4 m/s current). At 100 meters, acrbss a
current speeds and discharge rates, the thickhegposition for the combined discharge of drilling
fluids and drill cuttings ranges from 0.04 to 3limkters (mm).

For detailed information about the model and sitoharesults, seResults from Geotechnical Surveying
and Related Activities Modeling Scenarios Techritainorandum(Modeling Technical Memorandum)
dated November 12, 2013 (Hamrick 2013).

The results of the combined deposition of drillfhgds and drill cuttings are shown below in TaBI&.

Table 3-5. Deposition thickness for combined drilhg fluids and drill cuttings
discharges from geotechnical surveys.

Current | Discharge | Discharge | Thickness at| Thickness | Thickness
Case ID | Speed Rate Rate 1m at10 m at 100 m
(m/s) (gal/day) (cm/s) (mm) (mm) (mm)

101 0.02 322 14.17 E-6 8.94 2.83 0.89
102 0.02 651 28.64 E-6 18.07 5.71 1.81
103 0.02 1093 48.08 E-6 30.33 9.59 3.03
104 0.10 322 14.17 E-6 1.79 0.57 0.18
105 0.10 651 28.64 E-6 3.61 1.14 0.36
106 0.10 1093 48.08 E-6 6.06 1.92 0.61
107 0.30 322 14.17 E-6 0.60 0.19 0.06
108 0.30 651 28.64 E-6 1.20 0.38 0.12
109 0.30 1093 48.08 E-6 2.02 0.64 0.20
110 0.40 322 14.17 E-6 0.45 0.14 0.04
111 0.40 651 28.64 E-6 0.90 0.29 0.09
112 0.40 1093 48.08 E-6 1.52 0.48 0.15

3.6.3. Dilution of Miscellaneous Discharges

EPA has also conducted an analysis to estimatdiltteon of the agueous phase of discharges from
geotechnical activity under the permit (Tetra T2 3). Similar to the model used for dilution oilldrg
fluids and drill cuttings discharges, the two-dirsiemal advection diffusion equation was used taliste
dilution for miscellaneous discharges, such as dealnage, desalination unit wastes, and non-contac
cooling water.

The analysis of miscellaneous discharges coveladyar number of scenarios than the drilling fludehel
drill cuttings discharges. Because drilling fluatsd drill cuttings are always to be dischargedhat t
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seafloor and are not positively buoyant, the rasfgecenarios for drilling fluids and drill cuttings
discharge is narrower than the range of miscellaseicscharges, which can be discharged at a wider
range of depths. In addition, there is a wide rasfgdischarge rates for the miscellaneous disclsarge

The analysis included a range of discharge rate$a(52,500 bbl/day), discharge depths (2 to 5Grsit
and current speeds (0.02 to 0.4 m/s). The randeths analyzed was wider than the depth of digehar
expected under the permit (20 to 50 meters). Ditutias estimated at three distances from the totati
of the outfall (10, 100, and 1000 meters). Acrdbsaenarios and a minimum depth of 20 meters, the
predicted dilution factor ranges from a low of tage 145: 20 meters depth, 10 meters distanc60®2,
bbl/day discharge, and 0.02 m/s current) to a bigdr 12 million (case 196: 50 meters depth, 1000
meters distance, 50 bbl/day discharge, and 0.£unfent). Again, because the analysis is based on
simple lateral spreading, the predicted dilutioprisportional to the square root of the radius)dgiven
scenario.

For the worst case scenario (case 145), the dildiéictor ranges from 12 at a distance of 10 metei23
at a distance of 1000 meters. For this case, i&thieient concentration of a pollutant of concerres,
then the concentration of that pollutant at a distaof 10 meters will be 1/f2r 8 percent of the
discharge concentration. If the pollutant is présethe ambient water, the concentration at argive
distance from the outfall will be function of thaution, discharge concentration, and ambient
concentration.

This dilution analysis does not include buoyancgdshmixing due to salinity and/or temperature
differentials between the discharge and ambientmsaBince buoyancy processes increase dilutien, th
analysis provides conservative estimates of ditutio

The results for all scenarios miscellaneous dig@wmare shown in Tab$es6.
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Table 3-6. Predicted dilution for miscellaneous dicharges.

E\l;fveactg\r/e Current Discharge Discharge Dilution Dilution Dilution
caseld Depth S(E:le:)d (blgjlc:(:\y) (?n?\}(;) at ng %%rters 1Z%C|Eg£taetrs 1gggt%re?érs
(meters)

101 2 0.02 50 0.00009 487 1541 4874

102 2 0.02 250 0.00046 97 308 975

103 2 0.02 1250 0.00230 20 62 195

104 2 0.02 2500 0.00460 10 31 97

105 2 0.02 62500 0.11500 0 1 4

106 2 0.10 50 0.00009 2437 7706 24370

107 2 0.10 250 0.00046 487 1541 4874

108 2 0.10 1250 0.00230 97 308 975

109 2 0.10 2500 0.00460 49 154 487

110 2 0.10 62500 0.11500 2 6 20

111 2 0.30 50 0.00009 7311 23120 73110

112 2 0.30 250 0.00046 1462 4624 14620

113 2 0.30 1250 0.00230 292 925 2924

114 2 0.30 2500 0.00460 146 462 1462

115 2 0.30 62500 0.11500 6 19 58

116 2 0.40 50 0.00009 9748 30830 97480

117 2 0.40 250 0.00046 1950 6165 19500

118 2 0.40 1250 0.00230 390 1233 3899

119 2 0.40 2500 0.00460 195 617 1950

120 2 0.40 62500 0.11500 8 25 78

121 5 0.02 50 0.00009 1927 6092 19270

122 5 0.02 250 0.00046 385 1218 3853

123 5 0.02 1250 0.00230 77 244 771

124 5 0.02 2500 0.00460 39 122 385

125 5 0.02 62500 0.11500 2 5 15

126 5 0.10 50 0.00009 9633 30460 9633(

127 5 0.10 250 0.00046 1927 6092 19270

128 5 0.10 1250 0.00230 385 1218 3853

129 5 0.10 2500 0.00460 193 609 1927

130 5 0.10 62500 0.11500 8 24 77

131 5 0.30 50 0.00009 28900 91390 28900

132 5 0.30 250 0.00046 5780 18280 57800

133 5 0.30 1250 0.00230 1156 3655 11560

134 5 0.30 2500 0.00460 578 1828 5780

135 5 0.30 62500 0.11500 23 73 231

136 5 0.40 50 0.00009 38530 121800 38530

137 5 0.40 250 0.00046 7706 24370 77060

138 5 0.40 1250 0.00230 1541 4874 15410

139 5 0.40 2500 0.00460 771 2437 7706
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Table 3-6. Predicted dilution for miscellaneous dicharges ¢ontinued.

Case ID E\];fveactg\r/e Cg;fgé Dis;;; rge Dis};:;lg ge Dilution at Dilution at Dilution at
Depth (m/s) (bbl/day) (cmis) 10 meters 100 meters | 1000 meters
(meters)

140 5 0.40 62500 0.11500 31 97 308

141 20 0.02 50 0.00009 15410 48740 154100

142 20 0.02 250 0.00046 3083 9748 30830

143 20 0.02 1250 0.00230 617 1950 6165

144 20 0.02 2500 0.00460 308 975 3083

145 20 0.02 62500 0.11500 12 39 123

146 20 0.10 50 0.00009 77060 243700 770600

147 20 0.10 250 0.00046 15410 48740 154100

148 20 0.10 1250 0.00230 3083 9748 30830

149 20 0.10 2500 0.00460 1541 4874 15410

150 20 0.10 62500 0.11500 62 195 617

151 20 0.30 50 0.00009 231200 731100 2312090

152 20 0.30 250 0.00046 46240 146200 462400

153 20 0.30 1250 0.00230 9248 29240 9248

154 20 0.30 2500 0.00460 4624 14620 4624

155 20 0.30 62500 0.11500 185 585 1850

156 20 0.40 50 0.00009 308300 974800 3083090

157 20 0.40 250 0.00046 61650 195000 616500

158 20 0.40 1250 0.00230 12330 38990 123300

159 20 0.40 2500 0.00460 6165 19500 6165

160 20 0.40 62500 0.11500 247 780 2466

161 40 0.02 50 0.00009 43590 137900 43590D

162 40 0.02 250 0.00046 8719 27570 8719(

163 40 0.02 1250 0.00230 1744 5514 1744(

164 40 0.02 2500 0.00460 872 2757 8719

165 40 0.02 62500 0.11500 35 110 349

166 40 0.10 50 0.00009 218000 689300 2180090

167 40 0.10 250 0.00046 43590 137900 435900

168 40 0.10 1250 0.00230 8719 27570 8719

169 40 0.10 2500 0.00460 4359 13790 4359

170 40 0.10 62500 0.11500 174 551 1744

171 40 0.30 50 0.00009 653900 206800 65390p0

172 40 0.30 250 0.00046 130800 413600 13080p0

173 40 0.30 1250 0.00230 26160 82710 26160D

174 40 0.30 2500 0.00460 13080 41360 130800

175 40 0.30 62500 0.11500 523 1654 5231
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Table 3-6. Predicted dilution for miscellaneous dicharge cases (continued).

Effective Current Discharge Discharge A [ P
casern | B | Speea | R | Raw | BMonat | Dhwtenst | Dtens
(meters) (m/s) (bbl/day) (cmls)

176 40 0.40 50 0.00009 871900 2757000 8719000
177 40 0.40 250 0.00046 174400 551400 1744000
178 40 0.40 1250 0.00230 34870 110300 348700
179 40 0.40 2500 0.00460 17440 55140 174400
180 40 0.40 62500 0.11500 698 2206 6975
181 50 0.02 50 0.00009 60920 192700 609200
182 50 0.02 250 0.00046 12180 38530 121800
183 50 0.02 1250 0.00230 2437 7706 24370
184 50 0.02 2500 0.00460 1218 3853 12180
185 50 0.02 62500 0.11500 49 154 487
186 50 0.10 50 0.00009 304600 963300 3046000
187 50 0.10 250 0.00046 60920 192700 609200
188 50 0.10 1250 0.00230 12180 38530 121800
189 50 0.10 2500 0.00460 6092 19270 60920
190 50 0.10 62500 0.11500 244 771 2437
191 50 0.30 50 0.00009 913900 2890000 9139000
192 50 0.30 250 0.00046 182800 578000 1828000
193 50 0.30 1250 0.00230 36550 115600 365500
194 50 0.30 2500 0.00460 18280 57800 182800
195 50 0.30 62500 0.11500 731 2312 7311
196 50 0.40 50 0.00009 1218000 3853000 12180000
197 50 0.40 250 0.00046 243700 770600 2437000
198 50 0.40 1250 0.00230 48740 154100 487400
199 50 0.40 2500 0.00460 24370 77060 243700
200 50 0.40 62500 0.11500 975 3083 9748
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4. DESCRIPTION OF THE EXISTING PHYSICAL ENVIRONMENT

4.1. Climate and Meteorology

The Area of Coverage is in the Arctic Climate Zamel is characterized by cold temperatures, nearly
constant wind, and low precipitation. Important emblogical conditions that could affect the
Geotechnical GP discharges include air temperataieand snowfall, and wind speed and direction.

Air temperature controls the ice formation and krep and whether ice would need to be managed as
part of Geotechnical GP activities. Precipitati@iedmines the quantity and concentration of patitgta
discharged from deck drainage and wind speed aedtitin influence coastal oceanographic conditions.
The following sections describe the physical sgtihthe Area of Coverage of the Geotechnical GP.

4.1.1.  Air Temperature

Subfreezing temperatures prevail for most of thesr yleroughout both the Chukchi and Beaufort Seas. A
extreme low temperature of -8B has been recorded at Prudhoe Bay. Prolongeddsesfchigh winds,
during winter, lead to extreme ice pressures amgel@us wind-chill conditions. There is brief sunnme
season usually lasting from June to August, withgeratures generally above the freezing point with
precipitation usually falling in the form of raiMMS 2008).

TheArctic Climate Impact AssessmgACIA 2005) summarizes spatial and temporal terappge trends
in the Arctic according to observations from thel@ll Historical Climatology Network database
(Peterson and Vose 1997 cited in MMS 2008) andCtiveate Research Unit database (Jones and
Moberg 2003 cited in MMS 2008). Both time seriesdtations north of latitude 60°N show a statislyca
significant warming trend of 0.16 °F per decadetlfier period of 1900 to 2003 (ACIA 2005 cited in
MMS 2008). In general, temperatures increased 660 to the mid-1940s, decreased until about the
mid-1960s, and then increased again to the pregéren temperature trends are broken down by season,
the largest changes occurred in winter and spilihg.greater amount of warming in the Arctic compare
to that for the globe as a whole is consistent wiithate model projections (IPCC 2007 cited in MMS
2008). As discussed in Section 6.2, temperaturddvat have a substantial effect on the behavidhef
discharges, and therefore changes in temperatemechexpected to affect the discharges.

4.1.2.  Precipitation

There is great seasonal variation in precipitatiothe Beaufort-Chukchi Sea region. Rainfall isalsu
light during the short summer months; however, heFaainstorms occasionally occur. These heavier
rainstorms typically occur during July and Augusliaka Annual Temperature Summary (WRCC 2011
cited in NMFS 2013)).

Along the Beaufort Sea coast, total annual pregtipit ranges from four to six inches, while therage
annual snowfall ranges from approximately 30 tardhes. The Chukchi Sea coast receives more annual
precipitation and average annual snowfall. Annuetipitation ranges from four to 11 inches while
average snowfall ranges from approximately 40 tin6Bes per year (Alaska Annual Temperature
Summary (WRCC 2011 cited in NMFS 2013)).

4.1.3. Winds

Surface winds exhibit seasonally complicated flegimes in the Chukchi and Beaufort Seas and have
considerable directional variation along the caeast offshore. Along the Beaufort Sea coast, onshore
winds are predominantly from the east, east-nosthead northeast, while offshore winds most
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commonly come from the west, west-southwest, anthseest. Winter winds along the Chukchi Sea
coast exhibit a strong northerly prevalence; howewend directions can vary from northwest in the
western part of the sea to northeast in the eaptetnDuring the summer, the Chukchi Sea expee®nc
winds that alternate between the north and soutisia Prevailing Wind Direction (WRCC 2011 cited
in NMFS 2013)).

4.2. Oceanography

Oceanographic considerations include tides, wirgshiwater overflow and inputs, ice movement,
stratification, and current regime. The followirsga brief review of the oceanographic and
meteorological conditions within the Area of Cowgga

4.2.1. Bathymetric Features and Water Depths

The Chukchi and Beaufort Seas are parts of thedMdxtean and both are linked, atmospherically and
oceanographically, to the Pacific Ocean. Affectiagional meteorological conditions is the atmosjgher
connection to the Aleutian Low. The oceanograpbimnection is the Bering Strait that draws relativel

warm nutrient-rich water into the Arctic Ocean fraime Bering Sea (Weingartner and Danielson 2010
cited in NMFS 2013).

While the Chukchi Sea is an overall shallow se& &itmean depth of 131 to 164 feet (40-50 metdrs), t
continental shelf of the Beaufort Sea depth grdguadreases from approximately 121 feet (36.9 mste
to a maximum depth of around 12,467 feet (3,80@msgalong the shelf break and continental shelf
(Weingartner 2008, Greenberg et al. 1981, citddNiFS 2013).

Several major bathymetric features exist in botssecluding three major sea valleys, the Herattl an
Barrow Canyons near the western and eastern efigfes Ghukchi Sea and the Barrow Canyon, just
northwest of Barrow. Additionally, two large shgalse Hanna and Herald define the western andreaste
edges of the Chukchi Sea. Those topographic featxert a steering effect on the oceanographic
circulation patterns in the area (MMS 2008). Bar@anyon is just northwest of Barrow and serves to
drain water from the Chukchi Sea and bring upwelater from the basin to the shelf. They are narrow
(less than 250 meters), have low elevations (less 2 meters) and, particular to the Arctic, theyshort
(Stutz, Trembainis and Pilkey 1999 cited in MMS 0’ he shoals rise 5—-10 meters (16—33 feet) above
the surrounding seafloor and are found in watethgepf 10—-20 meters (33-65 feet) (MMS 2008).
Barrier islands provide two main benefits: theytpobthe coastlines from severe storm damage;rand t
harbor several habitats that are refuges for iéldifhe salt marsh ecosystems of the islands andahst
help to purify runoff from mainland streams anders: Continental shelves vary in width from almost
zero up to the 930 mi-wide Siberian shelf in thetisrOcean and average 78 kilometers (48 miles) in
width. The continental slope in the Beaufort Sesmwmater depths varying from 60 to 1,500 meters (097
4,921 feet). The shelf varies in width between Barand Canada and generally is a narrow shelf
averaging about 80.5 kilometers (50 miles).

4.2.2. Circulation and Currents

Current velocity and turbulence can vary markedi\wcation/site characteristics and can affeet th
movement and concentration of suspended mattetthenehtrainment, resuspension, and advection of
sedimented matter. The direction of the currengmbeines the predominant location of the discharge
plume while current velocity influences the exteharea affected. Velocity and boundary conditials®
affect mixing because turbulence increases withectispeed and proximity to the seafloor.
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The Chukchi Sea is fed by Pacific Ocean and A@tean waters. Pacific waters enter the Chukchi Sea
through the Bering Strait in the south. Arctic watenter the Chukchi Sea through Long Strait and in
episodic up-shelf transfers from the Arctic Oceeoppr (e.g., via Barrow Canyon). The circulationd an
modification of waters in the Chukchi Sea influetice input to the Arctic Ocean from the Pacific.
Although the volume of water from the Pacific thgbuthe Bering Strait is relatively small (~ 0.8
Sverdrups [Sv] northward in the annual mean [Svusit of volume transport equal to 1,000,000 cubic
meters per second [264,172,100 gallons per secandpntributes seawater of high heat and fresewat
content, low density, and high nutrients to the Kaiimi Sea and the Arctic Ocean (MMS 2008).

Circulation in the Beaufort Sea can be divided ingders shallower than 40 meters and in offshore
waters deeper than 40 m. Offshore waters are piiniafluenced by the large-scale Arctic circulatio
known as the Beaufort Gyre, which is driven by éaagimospheric pressure fields. In the Beaufort Gyre
water moves to the west in a clockwise motion imean rate of 5-10 centimeters per second (cm/g). Th
southern portion of the Beaufort Gyre is foundha offshore region of the proposed Beaufort Sezssal
area. The Beaufort Gyre expands and contractsndapeon the state of the Arctic Oscillation (Seeet
al. 2004 as cited in MMS 2008). Below the surfdoerfof the Beaufort Gyre, the mean flow of the
Atlantic layer (centered at 500 meters) is coutbeiavise in the Canada Basin. Below the polar mixed
layer, currents appear to be driven primarily bgarc circulation rather than the winds (Aagaard.et a
1998 cited in MMS 2008). The figures below colleety illustrate the major water mass flows in the
Chukchi and Beaufort Seas.

Figure 4-1. Circulation and Outflows of the Chukchi Sea.
(Sourcehttp://psc.apl.washington.edu/HL D/Chukchi/Chukcimb)
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Figure 4-2. Satellite-tracked drifter study of waer mass circulation in the Chukchi and Beaufort Ses
(Sourcehttp://www.ims.uaf.edu/)
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Figure 4-3. Mean circulation data for the ChukchiSea and Beaufort/Chukchi slope. Source: IMS (2010)).

The Alaska Coastal Current (ACC) is a narrow, fastsing current flowing northeasterly at
approximately 0.16 feet per second (ft/sec) altvegAlaska coastline. North of Cape Lisburne, theCAC
parallels the 66-foot isobath until it reachesBlagrow Sea Valley at Wainwright. It then followsrabel
with the valley from Wainwright to Point Barrow wieeit turns and flows southeasterly parallel to the
coastline. The ACC flow is variable, and directibreversals can persist for several weeks becduse o
changes in wind direction. During northeasterlyfl@lockwise eddies can separate the nearshore
circulation from the ACC between Cape Lisburne kydCape (MMS 1990).

The currents in the ACC are strongly influencedt®ybathymetry and wind. Current speeds of 0.66 to
1.0 ft/sec are characteristic of the eastern CHukeha. Bottom temperature gradients and currepts ar
greatest in the vicinity of Icy Cape and Point kdan(Weingartner and Okkonen 2001 in MMS 1991).
Current velocities of 1.67 to 2.85 ft/sec have beported south of Icy Cape (MMS 1990).

MMS (1990) reports that during open-water periddSC waters are driven by the wind. Northeasterly
winds promote upwelling that brings cooler bottomtey into the nearshore area. Southwesterly winds
establish a warm coastal jet in the nearshore megrbich displaces the cooler bottom water. Easterl
winds shift the ACC offshore, centering it approaiely 12.4 miles from the coast. Westerly windstshi
the ACC closer to the coast. Traditional knowledgefirms the movement of tides along with wind
direction but also indicates that tides can mov@gosfie the wind direction. One observer offshore
Omalik Lagoon reported that the currents 5 to li@smut move to the north with a south wind anth&o
south with a northeast wind (SRB&A 2011). Tradiabknowledge participants stated that in the
summer, currents move from north to south or stwtiorth but can change direction rapidly, andrthei
direction can depend on the distance from shor®&R2011). The mean surface current direction year-
round is to the west and parallels the bathymding tidal action coupled with the easterly nearshor
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circulation results in the gradual removal of wahrackish water from nearshore and replaces it with
colder, more saline water. Alternatively, tidaliantcoupled with westerly nearshore circulationsesu
accumulation of warm, brackish water along the tdagher controls on nearshore circulation include
river discharge, ice melt, bathymetry, and the icumétion of the coastline.

In the landfast ice zone of the nearshore Beaufdeingartner et al. (2009) determined that durirey t
open water season, mid-depth currents are at2@asn/s, whereas during the landfast ice seasey, th
generally are less than 10 cm/s. Tidal currentdemsethan 3 cm/s and most likely have a negligible
dynamical effect on the currents and circulatioM$2008). During ice covered periods, landfastiice
the nearshore areas protects the water from tketefdf the winds. Therefore, the circulation patie
influenced by storms and brine drainage (MMS 2008).

4.2.3. Tides

Tidal ranges for the Beaufort and Chukchi Seaswiral, ranging from <0.3 meter (1 feet) to <0.7 enet
(2 feet). The Beaufort Sea tides propagate front teesast along the coast. Tidal currents are sirge
the western side of the Chukchi Sea and near Wri#slgad, ranging up to 5 cm/s (0.1 knots/s). While
tides may not seem to exert an important influesrcéhe oceanography of the seas, they likely play a
important role in seas ice dynamics and movemermtodyate et al. 2005).

4.2.4. Stratification, Salinity, and Temperature

Nearshore waters are strongly influenced by inptiteesh water from rivers, particularly in the Béart
Sea. In nearshore areas, a two-layered stratijyisters is formed with fresher water from riveringun
overlying more saline oceanic water. The surfagerlgenerally shows a marked decrease in salimity i
the vicinity of major rivers. In the winter, theclaof freshwater input into coastal waters resltweak
stratification. Freshwater input also causes a atatkmperature division between nearshore andarésh
waters.

In the Beaufort area, the MacKenzie River flowsyatr long, contributing the largest amount of
freshwater per year. Coastal water temperatureailpiranges from 41 to 50 °F and has salinities th

are generally less than 31.5 parts per thousarjl ((gwbel and Gallaway 1984 in MMS 2003). Offshore
waters are colder and more saline than the coaatals. Water temperatures are near 32 °F and have
salinities of 32.2 to 33 ppt (Lewbel and Gallaw&g4 cited in MMS 2003).

During the spring (May to July) warm water (abo°B) appears in the Chukchi Sea because of the
gradual increase of solar radiation and warm wadeected through the eastern Bering Strait (NMFS
2013). During the summer (July to August), the deafers are generally still cold, ranging from 82 t
37 °F, depending on location, however, temperatcaeseach above 48 °F. During the fall (September
to October), the surface water temperatures stalyraaging from 36 to 43 °F. The Chukchi Sea swfac
temperatures fall below 32 °F during the winter yBimber to April).

4.3, Ice

Sea ice, formed by the freezing of sea waterdisrainant feature of the Arctic environment. ItieZen
seawater that floats on the ocean surface; it f@masmelts with the polar seasons. Annual formadih
decay of sea ice greatly influence the oceanogeagpmamics of the Chukchi and Beaufort Seas
regulating heat, moisture, and salinity. Sea isalates the relatively warm ocean water from tHd co
polar atmosphere, except where cracks or leadaqafeopen water between large pieces of ice)dn th
ice allow exchange of heat and water vapor fronande atmosphere in winter. Sea ice impacts vistual
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all of the physical, biological, and cultural astseaf life of the region. In general, sea ice rescits
maximum extent in March and minimum extent in Seqtter.

In the Chukchi Sea, sea ice generally begins fagritinate September or early October, with full ice
coverage by mid-November or early December (MMS320However, traditional knowledge
information indicates that freeze ups are happelaitay, starting in October, and while hunters hased
the ice starting in October in the past, they nawehto wait until December (SRB&A 2011). Ice begins
melting in early May in the southern part of Chuk8hka, and early to mid-June in the northern region
Maximum open water occurs in September (MMS 20088)yever, in the Arctic, some sea ice persists
year after year.

In the Beaufort Sea, sea ice generally begins fognm late September or early October, with full ic
coverage by mid-November or early December. Iceénsemelting in early May in the southern part of
Beaufort Sea, and early to mid-June in the northegiron. Maximum open water occurs in September
(MMS 2008).

The analysis of long-term data sets indicates anliat reductions in both the extent (area of ocean
covered by ice) and thickness of the Arctic seacmeer during the past 20 to 40 years during summer
and more recently during winter. Simulations conidddor the trajectory of Arctic sea ice indicate
decreasing September ice trends that are typifrallytimes larger than observed trends, and prediat
ice-free September conditions by 2040 (Holland.€2@06). Factors causing reductions in winterisea
can be different from those in summer.

4.3.1. Landfast Ice Zone

Landfast ice, or fast ice, which is attached toghere, is relatively immobile and extends to Valda
distances off shore: generally 8- to 15-meter ifhaut it can extend beyond the 20-meter (6506)fo
isobath. It is usually reformed yearly, althoughadh contain floes of multiyear pack ice. About ivldy,
the near-shore ice begins to melt; by July, thé e retreats northward. Much of the fast ice melt
within the 10-meter isobath during the summer,ibistvery dependent upon the wind direction which
controls the ice floes. Traditional knowledge wdrig participants during development of the Beaufort
and Chukchi Exploration NPDES General Permits iaidid that breakup varies from year to year,
generally occurring in June or July. Freeze updgiy occurs in October, although open water migght
present in certain areas all winter long (SRB&A 2P4and reaches its maximum extent in March and
April (NMFS 2011). Landfast ice is characterizedebgradual advance from the coast in early wirner a
a rapid retreat in the spring (Mahoney et al. 266&d in MMS 2008). The advance is not a continuous
advance but involves the forming, breakup, andrneiiog of the landfast ice.

The two types of landfast ice are bottomfast aadtihg. Bottomfast ice, also called grounded ise, i
frozen to the bottom out to a depth of about 2rmarieas deeper than 2 m, landfast ice floats. Meném

of ice in the landfast zone (called ice shovesywby the Inupiaq) is intermittent and can occur at an
time but is more common during freeze up and bneakunmshore winds are highly correlated with ice
shoves (MMS 2008). Landfast ice moves in two gdneags: (1) pile-ups and rideups and (2) breakouts.
Onshore movement of the ice generates pileupsidedps, which can extend up to 20 meters inland
(MMS 2008). Landfast ice can also move becauseea#kouts, where landfast ice breaks and drifts with
pack ice.

The Beaufort Sea has much more extensive landstver than the Chukchi Sea. Differences in
geographic setting and bathymetry between the Chualed Beaufort Seas lead to marked differences in
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the character of sea ice in these two regions.tBits more southerly location and connection ® th
Pacific Ocean, the Chukchi Sea experiences a lagsr water season than the Beaufort. In addition,
due to the combination of a thinner ice pack andastline that offers the opportunity for open wate
creation under almost any drift direction, seaincthe Chukchi Sea is more mobile and changeahle th
sea ice in the Beaufort. This is also reflectethengreater extent of landfast sea ice in the RetGea
(Pew 2013).

4.3.2. Stamukhi Ice Zone

Seaward of the landfast-ice zone is the stamuktshear, ice zone. In this zone, large pressugesid
leads, polynyas (large areas of open water), dololélfields occur between stationary landfast io# a
mobile pack ice when winds drive the pack ice thilandfast ice (MMS 2008). Pressure ridges in the
Beaufort reach depths of 18 to 25 meters (59 tft)&hd act as sea anchors for landfast ice. In the
Chukchi Sea, the most intense ridging occurs iregatom 15 to 40 m (49 to 131 ft) deep, while
moderate ridging extends seaward and shorewatesétregions (NMFS 2011).

4.3.3. Pack Ice

Pack ice is seaward of the stamukhi ice zone ariddes first-year ice, multiyear un-deformed and
deformed ice, and ice islands. First-year ice foimfsactures, leads, and polynyas and variesioktiess
from inches to more than 3 feet. Traditional knalgle indicates that in recent years, ice has bessn le
stable, there is less multiyear ice, pack ice iallan and large icebergs are rarely seen (SRB&E120
The Chukchi open-water system appears to be thét fthe general westward motion seen in the
Beaufort Gyre and is strongly influenced by thedwifirection. Historically, first-year floes off the
Chukchi Sea coast had a thickness of about 4 ¢et5 dnd multiyear floes were 10 to 16.4 feet thikda
ice that is thicker than 16.4 feet is common intier©cean pack ice and is generally believed tesishn
of pressure ridges and rubble fields (Eicken e2@D6 cited in MMS 2008). Increased ridging gergral
occurs from east to west and in the vicinity ofaB@nd large necks of land (MMS 2008).

Ice islands are icebergs that have broken off faonce shelf with a thickness of 100 to 164.0 &t

range from tens of thousands of square feet tdyn2@® square miles. Movement of floating ice is
controlled by atmospheric systems and oceanograjiigiation. During winter, movement is small and
occurs with strong winds that last for several dayg long-term direction of ice movement is froase

to west in response to the Beaufort Gyre; howewnveather systems can cause short-term variations. A
system of seven recurring leads and polynyas dpvuelthe Chukchi Sea. The Chukchi Sea has some of
the largest areal fractions of leads along thehaornt coast of Alaska and Canada, because of tre win
driven polynyas that form along the coast from Pbiope to Barrow (MMS 2008). A general
observation made by participants in traditionalwleaige workshops was that the pack ice breaks up
more quickly and that once the ice goes out, isdu# return (SRB&A 2011).

4.3.4. Spring Lead System

Arctic leads are long, narrow channels of open wiatéhe pack ice that can be hundreds of meteds wi
and kilometers long (Tschudi et al. 2002). Sprigaplls and polynyas provide important habitat foessv
seal species, polar bears, and migrating bowheddelnga whales. Ifiupiat hunters rely on the spring
leads and areas of open-water for spring huntirtgpafheads from April to June (Norton and Graves
2004 as cited in NMFS 2012).

The development of leads is highly dependent opéssage of individual weather systems. Lead
patterns appear to be marginally linked to the @itang atmospheric circulation regime. Eicken et al
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(2006) evaluated the lead distribution patternslandfast ice extent along the northern Alaska and
northwest Canadian coast between 1993 and 2004dRawstheir results and on datasets published in
previous studies, they found that major lead pastend landfast ice patterns are repeated anthhat
appear to conform to consistent seasonal and kpattarns of variability. These patterns are calted
to a large extent by a combination of topograpbido@thymetric) constraints, atmospheric forcind an
large-scale ice dynamics (Eicken et al. 2006). Egglead fractions and largest sizes are obsenvidi
eastern Chukchi Sea and off the Mackenzie Deltid, fsiver and smaller leads present in the central
Beaufort Sea. This is a result of the prevailingtedy wind directions, forcing ice offshore anéating
recurring flaw leads and polynyas along the larntdfasedge (Eiken et al. 2006).

Figure 4-4 through Figure 4-11 depict the locatiohspring leads during March, April, May and Jurie
the years 1994 and 2009 using data from the MMS SU3DY 2005-068 (Eicken et al., 2006) and from
additional data provided directly by Dr. Hajo Eiokat the University of Alaska, Fairbanks. In aduitto
the locations of the spring leads, the figures sttmwBeaufort and Chukchi sea lease areas, theaBhuk
Sea deferral area, Steller’s eider critical halatais, and Environmental Sensitivity Index (E&ga for
humpback and bowhead whales, i.e., areas thatbesreidentified as at risk if an oil spill occuesanby.
Figures of the spring lead system for additionargere included in the administrative record ler t
Geotechnical GP. The recent data provided by xkdfi have not yet been published and should be
considered preliminary.

While these figures also depict critical habitatees for polar bears, EPA notes that the designafion
critical habitat for the polar bears by the USFW&wacated and remanded on January 10, 2013 by the
U.S. District Court for the District of Alaska. &trefore, at this time, there is no critical habitat
designated for the polar beduttp://www.fws.gov/alaska/fisheries/mmm/polarbesa/étn).

ODCE for Oil and Gas Geotechnical Surveys and Related Activities NPDES General Permit 4-9
Final — January 2015



Figure 4-4. Spring Leads for March 1994 in the Ara of Coverage for the Oil and Gas NPDES General
Permit for Geotechnical Surveys and Related Activies in Federal Waters of the Beaufort and Chukchi &as.
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Figure 4-5. Spring Leads for April 1994 in the Areaof Coverage for the Oil and Gas NPDES General Perin
for Geotechnical Surveys and Related Activities ifrederal Waters of the Beaufort and Chukchi Seas.
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Figure 4-6. Spring Leads for May 1994 in the AreafoCoverage for the Oil and Gas NPDES General Permit
for Geotechnical Surveys and Related Activities ifrederal Waters of the Beaufort and Chukchi Seas.
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Figure 4-7. Spring Leads for June 1994 in the Areaf Coverage for the Oil and Gas NPDES General Pertni
for Geotechnical Surveys and Related Activities ifrederal Waters of the Beaufort and Chukchi Seas.
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Figure 4-8. Spring Leads for March 2009 in the Areaf Coverage for the Oil and Gas NPDES General
Permit for Geotechnical Surveys and Related Activies in Federal Waters of the Beaufort and Chukchi &as.
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Figure 4-9. Spring Leads for April 2009 in the Areaof Coverage for the Oil and Gas NPDES General Perin
for Geotechnical Surveys and Related Activities ifrederal Waters of the Beaufort and Chukchi Seas.
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Figure 4-10. Spring Leads for May 2009 in the Areaf Coverage for the Oil and Gas NPDES General Pertni
for Geotechnical Surveys and Related Activities ifrederal Waters of the Beaufort and Chukchi Seas.
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Figure 4-11. Spring Leads for June 2009 in the Areaf Coverage for the Oil and Gas NPDES General Peiiin
for Geotechnical Surveys and Related Activities ifrederal Waters of the Beaufort and Chukchi Seas.

In the 1970s, Shapiro and Burns (1975 as citedam@m et al. 1980) found that in March or Aprik th
pack ice reaches its maximum extent in the Berie@ &e breakup begins as temperatures rise amtl win
direction shifts from northeast to south or soutsiywpushing the ice northward. In the northwestern
Bering Sea, between the Chukchi Peninsula anda®trénce Island, strong currents further help takre
up the ice and form an open-water corridor. Noftthe Bering Strait, a shear or flaw zone formsajiar

to the Alaskan coast causing numerous small leads\velop along and near this zone. An intermittent
lead system forms from the Bering Strait througteootzebue Sound to Point Hope and on to Point
Barrow. This lead system usually consists of alsingajor nearshore lead that ties between landfast
and the pack ice (Braham et al. 1980).

The differences in bathymetry and hydrography betwthe Chukchi and Beaufort seas lead to marked
differences in the character of sea ice in thegerbgions. Due to its more southerly location dred t
inflow of heat through Bering Strait, the ChukcleiaSexperiences a longer open water season than the
Beaufort Sea. In addition, the combination of atier ice pack and a coastline that offers the dppity
for open water creation under almost any driftcin, sea ice in the Chukchi Sea is more mobitke an
changeable than sea ice in the Beaufort Sea. §hiflected in the more varied lead patterns in the
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Chukchi Sea and in the greater extent of landfesice in the Beaufort Sea. The Chukchi Sea and to
lesser extent the Beaufort Sea are characterizeedoyring coastal lead patterns that are partilyula
prominent in the months of March through May (Magyet al. 2012).

Sea ice in the Chukchi Sea is generally newly greach year (Mahoney 2012). In the Chukchi Sea,
there is a net northward flow, which enters throBgihing Strait and branches into different
bathymetrically constrained currents (Weingartriexl e 2005 as cited in Mahoney et al. 2012). Teéath
flux associated with this northward flow enhandesearly loss of ice in the Chukchi Sea (Woodgate e
al. 2010 as cited in Mahoney et al. 2012). The afé¢he Chukchi Sea that is most consistently apen
off the northwest coast of Alaska, where the paekis frequently driven away from the shore, legvin
behind wide areas of thin ice or open water. Thetrpmminent coastal polynyas and flaw leads form
along the eastern Chukchi Coast between Point ldndd?oint Barrow, as well as to the north and west
of Wrangel Island, with less distinct flaw leadpeagring off the northern coast of Chukotka (Mahogey
al. 2012).

The Beaufort Sea retains a significant perenniair(altiyear) ice cover (Mahoney 2012). Circulatian
the Beaufort Sea is dominated by the anticyclocimckwise) motion of the Beaufort Gyre, which
transports some of the oldest and thickest ichanAirctic from the region north of the Canadian
Archipelago into the Beaufort Sea. This motionrigeh by atmospheric circulation around a persisten
region of high pressure (the Beaufort High). Thierggth of the Beaufort Gyre can vary from yeardary
and the ice motion can sometimes reverse for peobd few days. However, in winter the averagé dri
is approximately parallel to the coastline (Mahoeewl. 2012). The deformation and lead patterrigen
Beaufort Sea are mainly determined by the intesaaif the pack ice with the coast or landfast dgee
along the North Slope. The predominant pack ick direction is to the west, and the infrequenftsioi
the east or north are generally of small magni(iMighoney et al. 2012). Persistent leads and pol/nya
along the Beaufort coast are observed along th&kdfeede Delta, Herschell and Barter Island (Mahoney
et al. 2012).

The spring lead system and spring-migration corridmugh the Beaufort Sea extends farther offshore
than through the Chukchi Sea (NMFS 2013). Offslaatévities, such as geotechnical surveys and itlate
activities, are unlikely to occur within the Beartf8ea spring lead system during the bowhead nigrat
because the ice at this time of year would behazk for vessels to get to the location to condbet
activities (NMFS 2008).

Hanna and Herald Shoals and Herald Island playnpoitant role as sources of open water or leads and
points of origin for more extended lead systemsyTére the only offshore features that are congigte
associated with open water and thin ice (Mahone&y. &012).

The combination of prevalent open water and an stirexclusively first year ice pack makes the sea ic
in the Chukchi Sea more mobile than that in theulBea Sea. As a result, winter lead patterns in the
Chukchi Sea are characterized by numerous inténgempenings that change rapidly, whereas the
Beaufort Sea generally has fewer, more isolatedsl@slahoney 2012).

Mahoney et al. (2012) performed an analysis of@iciently cloud-free Advanced Very High
Resolution Radiometer imagery from November-Junéhfe period 1993-2010 to evaluate the location,
concentration and recurring patterns of leads gquohiogs in the sea ice in the Chukchi and Beaufort
seas. This work expanded on a project that thefppeed under the MMS OCS STUDY 2005-068
project. Under this most recent project, they vadske to demonstrate a clear regional contrastan th
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distribution and seasonality of lead patterns enBeaufort and Chukchi seas (Mahoney et al. 2042).
the Beaufort Sea, they observed a recurring letidrpatermed the “Barrow Arch,” and found that most
of the other lead patterns were confined to aiveBtnarrow zone between the margins of the paek i
and the coast (Mahoney et al. 2012). In the Chu&eli, they observed more dynamic ice conditions
compared to the Beaufort Sea. They found that thekchi coastal polynyas and flaw leads are
widespread and represent the most persistent kselpin the entire region. This includes leadeys
forming off Wrangel Island, which are often linkexthe same weather patterns responsible for open
water off the Chukchi coast (Mahoney et al. 2012).

Unlike the MMS OCS STUDY 2005-068, which foundlétthange in landfast ice extent since the
1970s, the researchers in this study observedsigb@seduction in landfast ice extent since 2006.
Analysis of additional data covering more recerargevould be required to confirm these findingg, bu
they point toward changes in the coastal ice regifitbe Beaufort Sea that are unprecedented dthrang
satellite record (Mahoney et al. 2012).

Mahoney et al. (2012) found that the Arctic Seacioeer has undergone significant changes in thie pas
two decades. These changes include a reductiammesr ice extent (with four consecutive record
minima attained between 2001 and 2005) as wellibstantial thinning of the ice pack (Eicken eteal.
2006). Beginning in the 2006 season, comparedeaqus years with very few leads outside of the
Barrow Arch and the Mackenzie flaw zone, they obsgthat the number density and extent of leads in
this region appeared to have increased substgntiadistly as a result of the changing compositibtihe
Beaufort ice pack. Mahoney et al. (2012) noted tinvey will need to evaluate this area further tgeas
whether these changes are reversible. Recent elimadieling studies predict that the Arctic could be
free or nearly free of sea ice in summer withinribat few decades (Mahoney 2012). With more open
water and a great influx of shortwave radiatioe, thanging ice regime is likely to have substaniiat
poorly understood to date, ecological impacts (Meyoet al. 2012).

4.4. Sediment Transport

Sediment transport and distribution in the Chulatd Beaufort Seas is controlled by several factors,
including storms, ice gouging, entrainment in @ Wwave action, currents, and bioturbation. TH& bt
sediment on the Alaskan continental shelf is transp northwards with the prevailing current. Seatitn
transport in response to severe storms is an i@poneans of sediment transport in the Area of
Coverage. Storm transport of sediment is partiukffective in the fall months when storms are
associated with fresh ice, which enhances erosidroften entraps sediments in new ice. In the gprin
the breakup and melting of this sediment-ladercaeresult in sediment being transported far digtan
from the point of entrapment.

4.5. Water and Sediment Quality

4,5.1. Turbidity and Total Suspended Solids

Turbidity is caused by suspended matter or othpuiities that interfere with the clarity of the watlt

is an optical property that is closely relatedie toncentration of total suspended solids in theky
Natural turbidity is caused by particles from riverdischarge, coastal erosion, and resuspension of
seafloor sediment, particularly during summer s®(MMFS 2013). Turbidity levels are generally highe
during the summer open-water period relative tonthter ice-covered period. Under relatively calm
conditions, turbidity levels are likely to be laban 3 Nephelometric Turbidity Units (NTU) and mizey

in excess of 80 NTU during high wind conditions.axshore waters generally have high concentrations
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of suspended material during spring and early suntime to runoff from rivers. The highest levels of
suspended particles are found during breakup (NRIHS).

Concentrations of total suspended solids (TSS) fitata collected in 2009 and 2010 in the Chukchi Sea
study are presented below in Table 4-1 (Shell 2013)

Table 4-1. Summary data for total suspended solidsllected from the Chukchi Sea
during the 2009 and 2010 surveys (mg/L)

2009 2010 2009 2010 2009 2010
<30 m <30 m >30 m >30 m >30/<30 m >30/<30 nj
Mean 0.29 0.26 2.41 1.55 8.4 5.9
SD 0.19 0.17 0.96 0.55 -- --
N 34 50 14 25 -- --
Max 0.69 0.74 4.29 2.47 -- --
Min 0.08 0.07 1.23 0.73 -- --

SD = standard deviation

4.5.2. Metals

In the marine environment, metals are found indiksolved, solid, and colloidal phases. The distiin

of metals amounts among the three phases depeadshgchemical properties of the metal, the
properties of other constituents of the seawatet,pdnysical parameters. Current EPA water quality
criteria for metals in marine waters are basedissollved-phase metal concentrations because thely mo
accurately reflect the bioavailable fraction, aetde the potential toxicity of a metal (NMFS 2013).
Although EPA has established water quality critésiawater, there are no comparable national caiter

standards for chemical concentrations in sediment.

The main inputs of naturally-occurring metals te frctic Ocean are derived from terrestrial runoff,
riverine inputs, and advection of water into thethr Ocean via the Bering Strait inflow and theahitiic
water inflow (NMFS 2013). Naturally occurring comteations of metals are generally higher in the
Chukchi Sea relative to those in the Beaufort $&#als from the Bering Sea may be deposited in the
Chukchi Sea sediments are Bering Sea water flo@stte relatively shallow Chukchi Sea shelf (NMFS

2013).

4-20 ODCE for Oil and Gas Geotechnical Surveys and Related Activities NPDES General Permit
Final — January 2015



Table 4-2, below, summarizes sediment metals ddlected between 1984 and 2008 in the Beaufort Sea
by BOEM (formerly MMS) and oil industry monitoringrograms. Most samples were collected some
distance in both time and space, from exploratoityrdy activities, so the concentrations can be
considered to represent the natural backgroundcé&uaration ranges are mg/kg dry weight (parts per
million (ppm)) (Neff 2010).
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Table 4-2. Concentrations of metals collected indaufort Sea sediment samples (mg/kg dry weight, ppm

Years Arsenic| Barium |Cadmium | Chromium | Copper | Mercury | Nickel | Lead |Vanadium Zinc
1984-1986 -- 128-704| 0.06-0.27 22-89 7.6-30 -- -- 5.7-19 37-142 37-128
1993 10-43 -- 0.06-0.43 77-110 11-63| 0.04-0.15 21-75 11-26 -- 65-140
1997-1999 7-16 116-569 0.11-0.27 13-63 7-27 | 0.008-0.02 7-34 6-15 24-117 18-96
1999-200% | 1.0-23 | 142-863| 0.03-0.75 13-104 3.6-46| 0.003-0.11 -- 2.8-22| 27-173 15-136
1999-2002 | 4.2-28 | 155-753| 0.03-0.82 13-104 3.6-50| 0.003-0.206.0-48 | 3.2-22| 27-173 15-157
2001-2002 | 15-31| 525-631 0.14-0.R0 91-188 31-37| 0.05-0.1Q 45-52 | 16-26| 147-211] 114-14f
2003 6.9-20| 329-649| 0.08-0.45 56-84 16-55| 0.005-0.09 26-54 | 11-29 87-136 48-111
2004-2006 | 4.7-25  142-863 0.03-0.7/7 15-100 3.9-46| 0.003-0.116.9-46 | 4.3-20| 87-156 64-108
2008 9.5-22| 456-714| 0.16-0.31 59-96 15-27| 0.03-0.08 -- 9.9-18  87-156 64-108
2008 10-21 | 585-18,3000.15-0.24| 73-135 21-53| 0.04-0.06 -- 14-49  113-131 64-1('18

aBrown et al. (2010) summarizes data for 1999 @220IMS ANIMIDA Program; Trefry et al. (2003) sumnegs data for

1999 to 2001 for the same program.
b Surface sediment samples collected near the Hanemerexploratory drilling site in Camden Bay in 200
¢ Concentration of methylmercury ranged from 0.00@00.00013 ppm.

Trefry et al. conducted an additional chemical bindbgical study at two sites drilled more than two
decades ago in Camden Bay of the Beaufort Sea (f¢anead 1 and 2). One of the objectives of the
study included the location of persistent depasftdrilling fluids and drill cuttings around the dw
exploratory drilling sites. The study found sigoéntly higher concentrations of barium from disgjear
drilling fluids within 250 m of the drilling sitetapproximately 200 times above background. Elelate
concentrations of chromium, copper, mercury and {eare found only at two stations within 25 m of
one drilling site. Concentrations of total polyagciromatic hydrocarbons (TPAH) were not signifityan
different at reference versus drilling-site stasigfrefry et al. 2013).

More than 300 sediment samples from the northea§trukchi Sea have been collected and analyzed for
19 metals. This data set includes 69 samples frenBurger Study Area and 259 samples located @utsid
the Burger Study Area. Table 4-3 summarizes canatons of metals in sediment and water samples in
the 2012 Burger A drill site area. The concentratiof 19 metals in 18 sediment samples collectau fr

the Burger A drill site during 2012 had an avereajative standard deviation (RSD) of approximai@&yy
(Shell 2013).

4-22 ODCE for Oil and Gas Geotechnical Surveys and Related Activities NPDES General Permit

Final — January 2015



Table 4-3. Concentrations of metals (mean + SD) sediment samples from Burger A.

Total
Parameter| Ag Al As Ba Be Cd Cr Cu Fe Hg
(n=18) | (ug/g9) | (%) | (M9/g) | (Hg/g9) | (Mo/g) | (Hg/g) | (Hg/g) | (M9/g) | (Mg/g) | (ng/g)
Mean 0.14 6.09 13.0 625 1.4 0.19 85 170 35 39
SD 0.02 0.17 3.3 14 0.1 0.02 3 1.3 0.2 3
RSD? 14 2.8 25 2.2 7.1 10 35 7.7 5.7 7.7
MeHg Mn Ni Pb Sb Se Sn Tl V3 Zn
Parameter | (ng/g) | (ug/9) | (ug/g) | (Mg/9) | (Mg/9) | (Mg/9) | (Mg/g) | (Mg/9) | (Mg/g) | (Mg/g)
Mean 0.115| 329 29 12.6 0.70 0.98 2.( 0.44 130 92
SD! 0.015 27 1.3 0.6 0.03 0.04 0.2 0.02 8 5
RSD? 13 5.2 4.6 4.7 3.6 4.8 10 4.7 5.9 5.5

18D = standard deviation
2 RSD = (SD/mean) x 100%
3V =vanadium

Table 4-4 summarizes the concentrations of disgaivetals from 6 samples from the Burger Study Area
and 88 samples from the northeastern Chukchi Seagd2010.

Table 4-4. Concentrations of dissolved metals (mea SD) for water samples

Total
As Ba Cd Cr Cu Hg Ni Pb Sh Se Tl Zn TSS

Parameter| (ug/g) | (Hg/9) | (Hg/9) | (Hg/9) | (Hg/g) | (ng/g) | (Mg/g)| (Hg/g)| (Hg/g)| (Kg/g)| (Kg/g)| (Mg/g)| (mg/L

Burger Study Area (2010;n = 88)

Mean 1.16| 7.7| 0.046 0.13 | 0.24| 0.0005 0.32 | 0.004] 0.13 | 0.034/ 0.009| 0.33 | 0.59

SD 0.04| 1.2| 0.024 0.07 | 0.04| 0.0008 0.08 | 0.002 0.01 | 0.002 0.001| 0.06 | 0.52

RSD 3 16 52 54 17 60 25 50 8 6 11 18 -+

Northeastern Chukchi Sea(2010;n = 88)

Mean 1.15| 8.2| 0.046 0.10 | 0.27| 0.0005 0.32 | 0.006| 0.12 | 0.034 0.010| 0.45 | 0.80

SD 0.12f 2.0| 0.021 0.02 | 0.10| 0.0003 0.08 | 0.002] 0.01 | 0.006/ 0.002| 0.26 | 0.88

RSD 10 24 46 20 37 60 25 33 8 18 20 58 -

4.5.3. Polycyclic Aromatic Hydrocarbons in Surface Sedimen ts

Surface and subsurface sediments collected fror€@tivéchi shelf during the Chukchi Sea Offshore
Monitoring in Drilling Area (COMIDA) 2009 and 201field seasons establish a baseline data set to
identify future impacts from oil and gas exploratia this region. Chukchi shelf surface sediments
contain both parent and alkyl-substituted PAHSs teptesent a mixture of pyrogenic, petrogenic and
biogenic sources at low concentrations as sumnthlbbe®w in Table 4-5. Multiple transport paths are
likely responsible for the distribution and concatibns observed (Dunton 2012).
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Table 4-5. Target polycyclic aromatic hydrocarbongPAHs) measured in COMIDA samples.

MDL ! MDL?
PAH Targets # of (ng/g dry PAH Targets # of (ng/g
rings wt) (continued) rings dry wt.)
Naphthalene* 2 1.12 Fluoranthene* 4 0.22
2-Methylnapthalene* 2 0.57 Pyrene* 4 0.20
1-Methylnapthalene* 2 0.28 Benzo(a)fluorene 4 0.0
Biphenyl* 2 0.18 Retene* 4 0.15
2,7-Dimethylnapthalene* 2 0.07 Benzo(b)fluorine* 4 0.02
1,3-Dimethylnapthalene* 2 0.08 Cyclopenta(c,d)pgren 4 0.02
1,6-Dimethylnapthalene* 2 0.09 Benz(a)anthracene* 4 0.03
1,4-Dimethylnapthalene* 2 0.04 Chrysene+Triphenglen 4 0.03
1,5-Dimethylnapthalene* 2 0.03 Napthacene* 4 0.08
Acenapthylene 2 0.02 4-Methylchrysene* 4 0.07
1,2-Dimethylnapthalene 2 0.02 Benzo(b)fluoranthene 4 0.04
1,8-Dimethylnapthalene 2 0.39 Benzo(k)fluoranthene 4 0.02
Acenapthene 2 0.11 Dimethylbenz(a)anthracene 4 0.93
2,3,5-Trimethylnapthalene* 2 0.03 Benzo(e)pyrene 5 0.04
Fluorene 2 0.11 Benzo(a)pyrene* 5 0.08
1-Methylfluorene* 2 0.05 Perylene* 5 0.06
Dibenzothiophene* 3 0.04 3-Methylchloanthrene b 80.0
Phenanthrene* 3 0.62 Indeno(1,2,3-c,d)pyrene 5 0.01
Anthracene 3 0.03 Dibenz(a,h+ac)anthracene 5 0.02
2-Methyldibenzothiophene* 3 0.09 Benzo(g,h,i)penge 6 0.02
4-Methyldibenzothiophene* 3 0.04 Anthanthrene b 10.0
2-Methylphenanthrene* 3 0.15 Corenene v 0.0p
2-Methylanthracene* 3 0.03
4,5-Methylenephenanthrene 3 0.04 Internal standards
1-Methylanthracene* 3 0.04 Acenaphthene-d10 3
1-Methylphenanthrene* 3 0.13 Phenanthrene-d10 3
9-Methylanthracene 3 0.03 Benz(a)anthracene-d12 4
3,6-dimethylphenanthrene* 3 0.10 Benzo(a)pyrene-d12 5
9,10-Dimethylanthracene* 3 0.16 Benzo(g,h,i)pergleii2 6

1 MDL = method detection limit values

(*) denotes PAHSs that have been detected in COMI®@AD sediments.

4.6. Unique Features

4.6.1. Herald and Hanna Shoals

There are several shoals on the Chukchi continehtf, including two prominent shoals, Herald Shoa
to the west and Hanna Shoal to the east. Hannd Shadadderald Shoal rise above the surrounding
seafloor to approximately 20 m (66 ft) below seslédBOEM 2012). The abundance and diversity of
benthic communities and demersal fish speciescanedfto be higher in study areas near Hanna Shoal
and the mouth of Barrow Canyon, coinciding with plagterns of nutrient rich current flows and season
movements of water masses (BOEM 2014). Additionallyvey studies and observations over the last
several years indicate the preference and presdnealruses for the northern Chukchi Sea, partityla
in the Hanna Shoal area, likely due to food avditgland proximity to resting habitat. The shoalso
provide important benthos-feeding habitat for bedrseals (BOEM 2014).
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4.6.2. Herald Canyon and Barrow Canyon

There are also two major sea valleys in the Chu&elai: Herald Canyon and Barrow Canyon. The
Barrow Sea Valley begins north of Wainwright arehtls in a northeasterly direction parallel to the
Alaskan coast. Barrow Canyon is a major conduiffacific waters, which cross the Chukchi Sea shelf
area to enter the Canada Basin. Herald Valley tisgamorth adjacent to Wrangel Island, outside the
Leased Area. Hope Valley, a broad depressionchistfrom Bering Strait to Herald Canyon. These
topographic features exert a steering effect orotdeanographic circulation patterns in this arcagBl
2014).

4.6.3.  Stefansson Sound Boulder Patch

The nearshore Beaufort Sea seafloor is typicaliyidated by soft sediments. The benthic communities
in those sandy, silty or muddy sediments usualijtaio a low diversity fauna, dominated by bivalve
mollusks, polychaete worms and amphipods. Amidsddirelatively low-diversity areas, there are local
hotspots of abundant and diverse marine life whergders provide rare colonisable hard substrate fo
macroalgae and sessile epibenthic macrofauna (MMS)2 One of these regions is the Stefansson
Sound Boulder Patch. The Boulder Patch, locatechtdddarrier islands in Stefansson Sound, is an
isolated macroalgal-dominated rocky bottom halaitatracterized by a diverse arctic kelp community.
First discovered in 1978, the Boulder Patch sitsbiaut 20 feet (6 m) of water in Alaska’s Prudheg B

The Boulder Patch has been studied extensivelynard than 140 species of invertebrates have been
identified including sponges, byrozoans, and hydanz with the dominant taxa being red and brown
algae. The biodiversity and community structurégras vary among different locations within the
Boulder Patch, mainly due to differences in lightdls and substrate type (NMFS 2011). Studies
conducted in the past two decades documented d¢l@ablomass, growth, and productivity in the
Stefansson Sound Boulder Patch are strongly regglilat light availability (MMS 2009). In the winter,
availability of light limits growth of kelp when tiient levels are high and lack of nutrients ligitmmer
growth when light levels are high. However, evesummer light levels can be severely compromised
locally because of high loads of suspended pasticl¢he water column from river discharge or
resuspension due to storm events. Detrimentaltsfdcsedimentation for macroalgae include light
reduction, smothering of small stages and abrasfiomcroscopic life stages important for dispelesadi
recolonization (MMS 2009). Kelp also has been olE#shoreward in an area behind a shoal near
Konganevik Point in Camden Bay; although its spaistribution and density are not known (NMFS
2011).

4.7. Ocean Acidification

Over the last few decades, the absorption of athergpcarbon dioxide (Cby the ocean has resulted
in an increase in the acidity of the ocean wafEng. greatest degree of ocean acidification worlevigd
predicted to occur in the Arctic Ocean. This anigdifscenario in the Arctic is due to the effects of
increased freshwater input from melting snow asedaied from increased GQOptake by the sea as a
result of ice retreat (NMFS 2013). Experimentabevice suggests that if current trends in, €@htinue,
key marine organisms, such as corals and sometplankill have trouble maintaining their external
calcium carbonate skeletons (Orr et al. 2005).
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5. DESCRIPTION OF THE EXISTING BIOLOGICAL ENVIRONME NT

This section provides an overview of the biologimamnmunities found in the Chukchi and Beaufort Seas
The general groups of aquatic organisms that inlladiArea of Coverage include pelagic (livinghe t
water column), epontic (living on the undersidepnin the sea ice), or benthic (living on or in thetom
sediments) plants and animals. A multi-disciplinenyironmental studies program was initiated in@00
with support from ConocoPhillips, Shell Exploratiand Production Company, and Statoil USA E&P.
The program continues to provide ecological basetmnditions within three study areas in the Chukch
Sea. Additionally, the State of Alaska through Ai@ska Monitoring and Assessment Program
(AKMAP) has been conducting water quality and tbelegical status of waters of the northeastern
Chukchi Sea from Pt. Hope to Barrow in waters 10m8&®ers in depth within the Beaufort/Chukchi
coastal-shelf ecosystem. AKMAP partnered with timéversity of Alaska Fairbanks, School of Fisheries
and Ocean Sciences and NOAA's National Status aedds Bioeffects Program for the 2010-2011
sampling. A final report is due in 2014.

BOEM has also conducted extensive biological saitlighe Beaufort and Chukchi Seas, including
benthic ecology, fisheries, marine birds, and ne&oological monitoring. Information and reporta ca
be found on BOEM's website dtttp://www.boem.gov/Environmental-Stewardship/Eorimental-
Studies/Alaska/Biological/index.aspx

The categories of the offshore biological environtréiscussed are:
Plankton
Attached macro- and microalgae
Benthic invertebrates
Fishes (demersal and pelagic)
Marine mammals
Coastal and marine birds
Threatened and endangered species
Essential fish habitat (EFH)

Each of those biological resources is describadrims of seasonal distribution and abundance, growt
and production, environmental factors that influetite resource’s importance in the ecosystem, and
habitats. Additional discussions of these resouacegound in the Biological Evaluation for the
Geotechnical GP (USEPA 2013) and the BEs and EF¢gsnents for the Beaufort and Chukchi
Exploration NPDES General Permits (Tetra Tech 201,2&d).

5.1. Plankton

Plankton can be divided into two major classestgbignkton and zooplankton. Plankton are the pymar
food base for other groups of marine organismsdanrthe Chukchi and Beaufort Seas. The distrilmytio
abundance, and seasonal variation of these orgamiggrstrongly influenced by the physical
environment. The distribution, abundance, and seds@riation of these organisms are strongly
influenced by the physical environment. The higlestcentrations of phytoplankton in the Beaufor Se
were observed near Barrow (Dunton et al. 2003).c¢h@st near Kaktovik was identified as another
productive area with upwelling of nutrient-rich wafrom offshore areas. The combination of regular
upwelling from deep offshore waters in such areambiacreased light intensity allow for increased
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productivity (Dunton et al. 2003). For a full dission of distribution and abundance of planktos,tee
Beaufort Sea BE (Tetra Tech 2012a).

Ongoing research has found that a combination oflsvand tides leads to the formation of
oceanographifronts between water masses in the Beaufort Sea (Aséfiah 2007; Moore et al. 2008
cited in MMS 2008). The fronts concentrate the alaum zooplankton in the coastal water off the Elson
Lagoon making it easier for predators to feed enziroplankton (MMS 2008). No areas or habitats of
extraordinary importance have been identified.

The Chukchi Sea represents a complex ecosystdm &&cific Ocean’s gateway into the Arctic where
large quantities of Pacific nutrients, phytoplamkénd mesozooplankton enter the region through the
Bering Strait, in a complicated mixture of waterss@s (Hopcroft et al. 2014). Surveys of the plamkto
communities over the Klondike, Burger and Statoilvey areas in the Chukchi Sea were completed in
multiple years, including 2008, 2009, 2010, 201012 and 2013. The final reports for each of those
years are available onlineltps://www.chukchiscience.com/Downloads

A comparison by sampling month across the six yslapsved August 2013 to have the lowest
abundances of many prominent taxonomic groupsomtrast, August 2013 was the second strongest
year in the last six for copepods, and among tlemgest years for larger meroplankton (i.e. decapod
larvae). For August biomass, the data in 2013 réufilerth in terms of copepods and chaetognathdewhi
the data tied for second in copepods and thirdhiretognaths. September 2013 followed the same
pattern, with an average abundances of copepotkw@abundances for many other groups. For
biomass, September 2013 had the second highegtaghpéomass observed within both nets over the
six-year period, but average to low biomass fortmtser groups (Hopcroft et al. 2014).

For simplicity, this ODCE discusses data colleatadng August 2011 and again as part of a broale sca
effort in September/October in 2011, which are galherepresentative of data from all years.
Chlorophyll and nutrient concentrations suggest fumust sampling had occurred post-phytoplankton
bloom in all study areas, with some elevated coimragans maintained in the winter-water cold pools
over Shell's Burger and Statoil's lease prospéldte. surveys found a total of 77 taxonomic categooie
zooplankton, including 10 meroplanktonic larvalegairies during the 2011 field season. The greatest
taxonomic diversity was observed within the copep@b species, plus juvenile categories), follolwed
the cnidarians (13 species), with most species@ypor the region and are seeded from the Bergay S

A notable exception to previous years occurredihl?with the transport of the Arctic basin copepod
speciesCalanus hyperboreusto the study area during a period of sustainedeali;g in Barrow

Canyon. In 2011, Klondike zooplankton could gerlgra¢ separated from the Burger and Statoil
prospects based on community structure, with teadgwolution of the community structure apparent at
each location. Differences in ice-melt timing, waemperatures, transport of water masses, nusrard
chlorophylla are believed to influence the large inter-annuiécence observed in the plankton
communities over the past 4 years (Hopcroft e2@L3).

The currents moving north through the Bering Seeaért a strong influence on Chukchi Sea primagd/ an
secondary productivity because of the transponutrfients, detritus, phytoplankton, zooplanktord an
larval forms of invertebrates and fishes from tlegiBg Sea to the Chukchi Sea. Seasonal ice regitses
influence the spatial and temporal variation ofnaily and secondary productivity. Productivity ie th
Chukchi Sea decreases from nearshore to offshdersvand is considerably less than the productivity
observed at comparable depths in the Bering Strait.
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The growth rates of planktonic organisms are nedifirapid, and the generation lengths are relBtive
short. Plankton production is limited primarily gmperature, available nutrients (particularlyoggn),
and light. The most productive area of Arctic Alaskvaters is the coastal zone. Plankton produdion
usually limited to thghotic zoneor the depth to which sunlight penetrates theew&easonal variation
in nutrient concentration can also affect primamgduction. Plankton production gradually increaaiesr
ice break-up, when light becomes available andnkeskfter September when light availability limits
photosynthesis. Peak primary production variessogach as two to three times from year to year and
depends on the relative amount of summer ice dil@mer 1984).

5.2. Macroalgae and Microalgae

Macroalgae are large, photosynthesizing aquatittgldacroalgae populations occur naturally, but an
increase in their biomass (especially if it is ass®d with a decrease in seagrass) might alsabe a
indication of deteriorating water quality. Macraalldpiomass is most commonly limited by dissolved
inorganic nitrogen, but it can also be limitediginlight attenuation prevents adequate light from
reaching the bottom.

Attached macroalgae occur in state waters alongsheee and offshore barrier island areas in the
Beaufort Sea containing suitable rocky substratatimachment. In Arctic Alaskan waters, the disttibn
of kelp is limited by three main factors: ice gaugisunlight, and hard substrate. Ice gougingictsthe
growth of kelp to protected areas, such as behanddr islands and shoals. Sunlight restricts tiosvth
of kelp to the depth range where a sufficient anh@emetrates to the seafloor, or water shallowan th
about 11 meters (36 feet). Hard substrates, whielnecessary for kelp holdfasts, restrict kelpreaa
with low sedimentation rates (Dunton et al. 19821$11990).

Alaska’s Beaufort Sea shelf is typically charaaed by silty sands and mud with an absence of
macroalgal beds and associated organisms (BardeReimnitz 1974). A diverse kelp community occurs
in the Boulder Patch near Prudhoe Bay in StefanSsomd. Algae in the Boulder Patch contribute @ th
important food web supporting many epibenthic aewthic organisms in the area. Differences in
biomass between surrounding sediment areas argbtliider Patch demonstrate the importance of this
biologically unique area (Konar 2006; Dunton antdi@erg 2000; Dunton et al. 2005).

A study conducted in the Beaufort Sea, found tledt grows fastest in late winter and early spring
because of higher concentrations of inorganic géroin the water column. The presence of macroalgae
is considered rare in the Beaufort Sea. Kelp magkisatween 50 and 55 percent of the available carbon
the Stefansson Sound kelp community; phytoplankiake up between 23 and 42 percent (Dunton
1982). Macroalgae presence is considered rareikiukchi Sea, but all potential kelp habitats haote
yet been surveyed.

Microalgae are distinguished from phytoplanktothat they are attached rather than free-floatimg T
distribution of microalgal communities has beeredads patchy on both large and small scales (MMS
1991), and no important critical habitats or arteage been identified. During the spring and summer
months, large biomasses of photosynthetic ice algaelop on the lower sections of sea ice. Iceealga
contribute organic matter to the water column amedas important part of the Arctic marine food web,
contributing an average of 57 percent to total iBretarine primary production (Gosselin 1997).
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5.3. Benthic Invertebrates

Benthic invertebrates are organisms that live enabitom of a water body (or in the sediment). Bient
invertebrates in the Beaufort and Chukchi seagjearrally be divided into two main categories:
epifauna and infauna, based on their relationstip te substrate. Infaunal organisms live witta t
substrate and, as a result, are often sedentaifpuBpl organisms, on the other hand, generally dim or
near the surface of the substrate. Benthic commagroffshore can be quite diverse. Organisms
commonly found in surveys include echinoderms, rsgplids, mollusks, polychaetes, copepods, and
amphipods (NMFS 2011). Benthic invertebrates aoel &ources for many marine species, including
walruses, seals, eiders, seabirds, and gray whales.

The dominant epibenthic habitat types observed werterbated silty sediment with brittle stars and
bioturbated silty sediment with mobile epifaunaa 8acumbers and diverse sessile epifauna, e.g. soft
coralGersemia rubiformisare examples of other epibenthic fauna in thekChiuSea. Biologically

diverse and dense coral and sea anemone commuargiebserved at near-shore sites and within Barrow
Canyon (Dunton et al. 2012).

The distribution, abundance, and seasonal variafitrenthic species in Arctic Alaskan waters are
strongly correlated with physical factors (e.ghstuate composition, water temperature, depthphlied
oxygen concentrations, pH, salinity, sediment cafiitrogen ratios, and hydrography). Larger
invertebrate communities are found in nearshoredag (ADNR 2009). The abundance, diversity,
biomass, and species composition of benthic inkeates can be used as indicators of changing
environmental conditions. The biomass of benthieitebrates declines if communities are affected by
prolonged periods of poor water quality especialhen anoxia and hypoxia are common.

Benthic communities can change in response toalhmafing:
Nutrient enrichment leading to eutrophication.

Bioaccumulation of toxins to lethal levels in malks (shellfish), crustaceans, polychaetes and
echinoderms can cause the loss of herbivorous raxtatory species.

Lethal and sub-lethal effects of heavy metals dhdrdoxicants derived from oil and gas activities.

Dislodged epifauna and infauna from trawling anetiding, which could result in the collection
and mortality of a substantial invertebrate bycatch

Physical smothering of habitat due to depositiodrdling fluids and cuttings materials discharged
on the ocean floor.

Benthic invertebrates are important modifiers @&f seafloor. Burrowing and tube-building by deposit-
feeding benthic invertebrates (bioturbators) helmix the sediment and enhance decomposition of
organic matter. Nitrification and denitrificationesalso enhanced because a range of oxygenated and
anoxic micro-habitats are created. Loss of nitaificn and denitrification (and increased ammonium
efflux from sediment) in coastal systems are imguurtauses of hysteresis, which can cause a sift f
clear water to a turbid state. The loss of bergh&pension-feeding macroinvertebrates can further
enhance turbidity levels because such organistes §iispended particles including planktonic algae,
they enhance sedimentation rates through biodépogite., voiding of their wastes and unwanteddfjoo

Changes in the macrofauna (and macroflora) cadsesges in nutrient storage pools and the flux of
nutrients between these species and microfaunan(ardflora). Benthic macrofauna are important
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constituents of fish diets and, thus, are an ingmtrtink for transferring energy and nutrients begw
trophic levels and driving pelagic fish and crustat production. It is for those reasons and otliess,
benthic invertebrates are extremely important iattics of environmental change.

5.4. Fish

The physical environment, mainly temperature afidigg of the Arctic waters exerts a strong influe

on the temporal and spatial distribution and aboodaf fish (MMS 1990, 1991). The Chukchi Sea is an
important transition zone between the fish commesiof the Beaufort and Bering Seas (MMS 1991);
the fauna is primarily Arctic with continual inpat southern species through the Bering Strait (Crai
1984). Marine fish in the Chukchi Sea are genemttaller than those in areas farther south, and
densities are much lower (Frost and Lowry 1983k [thver diversity, density, and size of fish in the
region have been attributed to low temperatureg piiductivity, and lack of nearshore winter habita
because of ice formation (MMS 1987b). Table 5-tslommon fish in the Area of Coverage.

Fish biologists on the Russian-American Long-terem&lis of the Arctic expedition noted the following
gualitative conclusions: (1) the Chukchi benthiooaunity is highly diverse and patchy; and (2) both
fish abundance and diversity seem lower in the ChiuBea than in the Bering S@AMS 2008). The
largest catches occurred to the south and werdlyistideast one order of magnitude higher tharséhio
the north Pacific salmon (chinook, coho, pink, sockeye, amahe), Arctic cod, saffron cod, and snow
crab are addressed in detail in the EFH for thek€hiuExploration NPDES General Permit (Tetra Tech
2012b).

Table 5-1. Common fishes in the Beaufort and Chulkt Seas.

Freshwater Anadromous Marine
Common name Scientific name Common nameg Scientific name | Common name | Scientific name
Arctic blackfish|Dallia pectoralis Arctic cisco* Coregonu_s Arctic flounder |Liopsetta glacialis
autumnalis
Arctic char Salvelinus alpinus |Arctic lamprey*|Lampetra japonicgStarry founder  |Platichthys stellatus
Burbot Lota lota Bering cisco* Coregonus Arctic cod Boreogadus saida
laurettae
. . . Broad . .
Arctic grayling | Thymallus arcticus whitefish* Coregonus nasus|Saffron cod Eleginus gracilis
Lake chub Couesius plumbeus cDr?;lr{ Varden Salvelinus malmajlSnailfish Liparussp.
Lake trout Salvelinus Hu_mp_bacik C_oregc_mus Pacific sand lance Ammodytes
namaycush whitefish pidschian hexapterus
Longnose Catostomus Least cisco* Coregonus Pacific Herring  |Clupa harengus
sucker catostomus sardinella
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Table 5-1. Common fishes in the Beaufort and Chukd Seas (continued).

Freshwater

Anadromous

Marine

Common nameg

Scientific name

Common namé

2 Scientific name

Common name

Scientific name

Ninespine . - . Osmerus mordax -
stickleback Pungitius pungitius | Rainbow smelt dentex Slender eelblenny Lurnpenus fabricil
Round Prosopium .
whitefish cylindraceum Stout eelblenny |Lumpenus medius
Sheefish Stenodus leucichthys Eelpout Lycodesspp.
Slimy sculpin |Cottus cognatus Arctic sculpin Myoxpcephalus
scorpiodes
Trout-perch Per_copS|s Whltespotted Hexagrammus
omiscomaycus greenling stelleri
Capelin Mallotus villosus

Fourhorn sculpin

Myoxocephalus
quadricornis

Arctic staghorn
sculpin

Gymnocanthus
tricuspis

Arctic hookear

Artediellus scaber

Bering wolffish

Anarchichas
orientalis

* The species has populations that can be fresiwatg or anadromous (USFWS 2008)

During the open-water season, the nearshore zothe &eaufort Sea area is dominated by a band of
relatively warm, brackish water that extends actbesntire Alaskan coast. The summer distribugiod
abundance of coastal fishes (marine and anadrospmeses) are strongly affected by this band of
brackish water. The band typically extends 1.6.7okdlometers (1 to 6 miles) offshore and contantse
abundant food resources than waters farther ofésfidre areas of greatest species diversity witien t
nearshore zone are the river deltas. Fish distobw@nd abundance in the Beaufort Sea vary by epeci
and are determined primarily by nutritional andvepiag needs. Anadromous fish in the Beaufort Sea
spend most of their lives in fresh water and dotretel far into deep ocean waters. In comparistany
marine fish species are pelagic, spending theireclife in deeper ocean waters. The more common
anadromous fish species in the Beaufort Sea arg Balden char, whitefish, cisco and salmon.

Freshwater species would be found almost exclusinehearshore freshwater environments surrounding

river deltas and bays (Moulton et al. 1985 as ditddMS 2008). Juvenile fish prefer the warmer,
shallow-water habitats that become available dutiegopen-water period (MMS 2008). Anadromous
fish typically leave the rivers and enter the nlears waters during spring break-up in June. Asdée
cover melts and recedes, the fish will migrate glthe coast (ADNR 1999). Migration back to rivers
varies by species, but most anadromous fish retufresh water, where they spawn by mid-September
(ADNR 1999). Salmon are anadromous but unlike gigdotefish, and Dolly Varden char, they rarely

return to the ocean after spawning, rather thewsmance and die. Salmon are uncommon along coastal

waters (Craig 1984; Augerot 2005 cited in MMS 2008)

A lack of overwintering habitat is the primary factimiting Arctic fish populations (DNR 1999).
Spawning in the Arctic environment can take placky ahere there is an ample supply of oxygenated
water during winter. Because of that and becausefgential spawning sites meet that requirement,
spawning often takes place in or near the samevaneee fishes overwinter (MMS 2008). Most marine
species spawn in shallow coastal areas during it mv
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Conservative estimates by the U.S. Departmenttefibr report that at least 17 species of marisieds,

13 species of freshwater fishes, 5 species of anaalis fishes, and 7 fish species that can have both
freshwater (only) and anadromous populations cdoured in the waters of the Beaufort Sea (Wiswar
1992; Wiswar et al. 1995; Wiswar and Fruge 200&n&m 2009; MMS 2008). Together, the Beaufort
and Chukchi Seas support a large and dynamic Aectisystem that includes as many as 98 fish species
representing 23 families (Mecklenburg et al. 20@R4S 2006:Tables I11.B-1 cited in MMS 2008).

5.5. Marine Mammals

Common (at least seasonally) marine mammals idtba of Coverage are spotted, ringed, and bearded
seals (ice seals); bowhead, beluga, killer, anyg gtaales; polar bears; and walruses. At least &igro
species of marine mammals (minke whales, fin whadesypback whales, harbor porpoise, narwhal, and
ribbon seals) are found occasionally or rarelyhim Area of Coverage. Those species of marine masnmal
that are protected by the Endangered Species Adiscussed further in the BE for the Geotechrdal
(USEPA 2013).

Ringed Seal. Ringed sealsRhoca hispidaare circumpolar in distribution (Angliss and Guitl 2008).
They are found in all seas of the Arctic Oceanudtig the northern Bering, Chukchi, and BeaufodsSe
(ADF&G 1994). Ringed seals live on or near theyiear-round; therefore, the seasonal ice cycle has a
important effect on their distribution and abunda{MS 2008). In winter, highest densities of ridge
seals occur in the stable landfast ice. Ringedssgadear to prefer ice-covered waters and remain in
contact with ice for most of the year (Allen andghiss 2010). Ringed seals live on and under extensi
largely unbroken, landfast ice (Frost et al. 20@R) they are generally found over water depttebotit
10 to 20 meters (33 to 66 feet) (Moulton et al. 200 raditional knowledge workshop participantsidgr
development of the Beaufort and Chuckhi ExploraNiB#DES General Permits identified general areas
where seals were reported to congregate includedydahe pack ice, in merging currents, in bays,
lagoons, and river deltas (SRB&A 2011).

The spring lead systems in the Beaufort and ChuRehk are also important to ringed seals since thes
areas allow them to forage for fishes and comfdytedst on an icy platform if needed. Several
Environmental Resource Areas for the ringed seat haen identified in thalaska Outer Continental
Shelf Final Supplemental Environmental Impact $tatet for Oil and Gas Lease Sale 193 in the Chukchi
Sea, AlaskdBOEMRE 2011):

Herald Shoal polynya area (January—December)

Hanna Shoal polynya area (January-December)
Southern portion of Chukchi spring lead system {Agune)
Middle portion of Chukchi spring lead system (Apdiline)
Northern portion of Chukchi spring lead system (RAgdune)

Spotted Seal. The Alaska stock of spotted seBhpca larghd is the only recognized stock in U.S.
waters. Spotted seals are found in large numbergydhe Bering, Chukchi, and Beaufort Sea coasty;, t
are common in bays, estuaries, and river mouthsaemgarticularly concentrated along the Chukclai Se
coast from Kasegaluk Lagoon to the mouth of the Ruder and Peard Bay (MMS 1991).

From September to mid-October, spotted seals tmatered in the Beaufort Sea migrate to the Bering
Sea and spend the winter and spring periods ofshaorth of the 200-meter (656-foot) isobath aldrey t
ice front, where pupping, breeding, and moltingusdt.owry et al. 2000). Spotted seal is usually a
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summer visitor and they are usually in the lagaamesind the barrier islands or around bays like
Admiralty Bay, and Smith Bay. Traditional knowledgerkshop participants identified Dease Inlet as
important feeding area because of the abundanitshodfSRB&A 2011).

Bearded Seal. The majority of the bearded se&lrignathus barbatuspopulation in Alaska is found in

the Bering and Chukchi Seas with seasonal migraiioto the Beaufort Sea. The species usually mefer
areas of less-stable or broken sea ice, where Uppeadcurs early in the year (Burns 1967). They are
found in nearshore areas of the central and weBeanfort Sea during summer (MMS 2008). Important
feeding grounds for bearded seal include areagjat@nedges, in the currents between the bartards

and near river mouths, and in shallow areas witindant clam beds. Traditional knowledge workshop
participants reported that bearded seals are cotgraean everywhere along the coast near Point Lay b
are generally abundant near Kasegaluk Lagoon vdmedt and herring are present in high numbers
(SRB&A 2011). Additionally, participants reportegdd common to see hundreds of bearded seal pups on
the spit between Naokuk Pass and the southern aselgdluk Lagoon, where the current is not as strong
(SRB&A 2011). Participants also indicated that dedrseals are not confined to ice areas. Bearadsl se
like the feel of moving water, especially duringltimg (SRB&A 2011).

Walrus. The Pacific walrus@dobenus rosmarus diverggns most commonly found in relatively
shallow water areas, close to ice or land. The ntgjof the walrus population occurs west of Barrow
(Chukchi Sea), although a few walrus can move tastighout the Alaskan portion of the Beaufort Sea
to Canadian waters during the open-water seasgnl@®?). Traditional knowledge workshop
participants identified that while it is relativelgre to see walruses in the Beaufort Sea, Nurmgsidents
have spotted them near Cross Island, Thetis Isthedarea outside the Nigliq Channel of the Cadvill
River. Respondents typically spotted walrus haolgidon Cross Island or feeding near Cross Islaneihwh
sea ice was far from shore (SRB&A 2011).

Pacific walrus are benthic feeders, foraging ingbdiments of the seafloor. Such feeding behaegults
in disturbance of wide areas of the seafloor (Neksival. 1994). During their fall migration south,
walruses (primarily females) haul out on the baiig&nds along the entire length of the Kasegaluk
Lagoon to Icy Cape, and Cape Lisburne, recentleiny large numbers (SRB&A 2011).

Bowhead Whale. The group of bowhead whaleBglaena mysticetyshat inhabit the Bering-Chukchi-
Beaufort Seas is important to the viability of #pecies as a whole and is a species of very high
importance for subsistence and to the culture aEkan Native peoples of the northern Bering Sesa, th
Chukchi Sea, and the Beaufort Sea. Within or nesasawhere proposed actions could occur, geographic
areas of importance to this stock of bowhead wimelede the spring lead system in both the Beaufort
and Chukchi Seas (MMS 2006). The best estimateeohbundance of the Western Arctic bowhead
whale stock is 10,545 with a minimum populationreate of 9,472. Overall, the stock appears to be
healthy and increasing in population (Allen and k8¥2011 as cited in BOEM 2012).

Bowheads are extremely long lived, slow growingwsto mature, and currently have high survivalgate
They are also unique in their ecology and theirgaidé use of lead systems to travel to summering
grounds. This dependence on the relatively restei@rea comprising of the spring leads, described
further below, combined with calving and feedingtthccurs during the spring northward migration,
further heightens their vulnerability to disturbarand exposure to pollutants in some areas (MM$ 200
and 2006a).
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Each spring (mid-March through mid-June, approxetyat the bowhead western Arctic stock travel
northward through breaks in the sea ice, migrdtiagn their winter grounds in the Bering Sea totthei
summer grounds in the Canadian Beaufort Sea (Bratam 1980). These breaks in the ice, or leads,
form when winds blow the moving pack ice away friamdfast ice, creating a flaw zone of open water
and broken ice generally parallel to the shorer@laand Smithhisler 1980). Bowhead whales depend
primarily on the lead system as a migratory pathiagtyveen wintering and summering grounds (MMS
2006). In spring, ice obstructs feeding opportesititherefore, bowhead migratory movements are
generally predictable and consistent between thien@&trait and Amundsen Gulf along the lead system
(Quakenbush et al. 2010 as cited in BOEM 2012).[drkeks in the ice also provide critical opportasit
for the bowhead whales surfacing to breathe, asiss®d further below. The lead system is therefore
considered an obligate pathway for this populatiotransit to summering grounds (MMS 2006 and
2006a).

Calving occurs from March to early August, with fhesak probably occurring during the spring mignatio
between early April and the end of May (MMS 200®yailable information indicates that most or much
of the total calving of the bowheads, which comprisost of the bowhead whales in the world, occurs
during the spring migration within, and adjacentth® spring lead system, especially in the eastern
Chukchi Sea (MMS 2006 and NMFS 2011). Most cahdogurs in the Chukchi Sea during the spring
migration from March through June from winter briegdareas in the northern Bering Sea (BOEM 2012).
Females give birth to a single calf every 3 to drggMMS 2008b as cited in BOEM 2012). Small calves
generally stay close to their mothers' sides aadi#ficult to see particularly if they are on tbHshore

side of the mother. On two occasions, very sméllesawere seen riding their mothers' backs, applgren
grasping the mothers with their flippers (Carraitie&Smithhisler 1980).

Whales are seen in Barrow in early- to mid-ApriheTearly pulse is dominated by juveniles. The age/
composition of the whales entering the Beaufort @edually switches so that by mid-May to Junegdar
whales and cow/calf pairs are seen. As the whalpsoach Point Barrow, the nearshore lead narrows an
the movement of most whales is correspondingly twimtesd. After passing Barrow from April through
mid-June, the bowhead whales move easterly througlear offshore leads. East of Point Barrow, the
lead systems divide into many branches that valydation and extent from year to year. The spring
migration route is far offshore of the barrier rgda in the central Alaskan Beaufort Sea. Bowheatigea
on their summer feeding grounds in the Canadiau®&ain Amundsen Gulf and around Banks Island
until late August or early September (MMS 2003)stRetion of ice near Point Barrow and development
of offshore leads northeast of the Point providertigration pathway, a result of converging water
masses from the Chukchi and Beaufort Seas andhghifinds, generally from the east and northeast. |
is probably advantageous for whales to use theserieg leads, as opposed to those in the southern
Beaufort Sea where there is less ice movement &edenhe availability of open water is less preahit
(Carroll and Smithhisler 1980).

During a five-year period (2006-2010), researclirens the Alaska Department of Fish and Game
worked with Native whalers from Alaska and marinennmal hunters from Canada to attach 46 satellite
transmitters to bowhead whales to document theatdgy routes that connect their summering and
wintering areas (ADF&G 2010). After passing Poirtriw in spring, bowhead whales migrated through
ice that was quantified as 100 percent cover IBllgatimages. Once past Point Barrow, all tagged
whales traveled northeast before turning east i@veling100-200 km offshore of the Beaufort Seastoa
All whales stayed between 71 and 72°N latitude téddiged whales traveled relatively directly to the

ODCE for Oil and Gas Geotechnical Surveys and Related Activities NPDES General Permit 5-9
Final — January 2015



Amundsen Gulf polynya, arriving there by May 2608@&nd by May 3, 2008. Amundsen Gulf is used by
bowhead whales from May until mid-September (ADF&ELO).

Based on duration of migration for seven individwhkles, migration between the Bering Sea and the
Canadian Beaufort required an average of 19 daygérof 17-24 days) (ADF&G 2010). During the
spring migration, tagged whales generally did nap $etween the Bering Strait and Amundsen Gulf,
suggesting limited feeding opportunities or obginus caused by ice. The spring migratory corridor
between the Bering Strait and Amundsen Gulf is isteist between years (ADF&G 2010). In some
years, parts of the spring lead system in the Chiukea west, northwest, and southwest of Barrow are
used as feeding areas over extended periods ofltiniieg the spring migration, but this use is
inconsistent (MMS 2007). However, several reseaschave reported that the region west of Point
Barrow seems to be of particular importance fodiieg in some years but the whales may feed
opportunistically at other locations in the leadtsyn where oceanographic conditions produce locally
abundant food (Caroll et al. 1987 as cited in MMB& Moore and Reeves 1993, Moore 2000, Moore et
al. 2000a as cited in Mocklin et al. 2012).

Bowheads are filter feeders. They apparently faesligh the water column, including bottom feeding
(BOEM 2012) as well as surface skim feeding (MM®&0 Food items most commonly found in
stomachs include euphausiids, copepods, mysidsamptiipods. Lowry, Sheffield and George et al.
(2004 as cited in MMS 2006) concluded that feediegr Barrow during the spring migration is a
relatively common event; however, the amount ofifoothe stomachs tends to be lower in spring than
autumn (MMS 2006). There is extensive evidencepdfenthic feeding, which indicates that these
whales could potentially be exposed to pollutantthe discharges, especially metals constituertts an
chemical additives associated with drilling fluilsd drill cuttings (Discharge 001).

Researchers investigated the olfactory anatomywhiead whales and found that these whales have a
cribriform plate and small, but histologically colap olfactory bulb. The olfactory bulb makes up
approximately 0.13 percent of brain weight, unlikibntocetes where this structure is absent. Thdvel
size of the olfactory bulb in apes (0.06 percent) humans (0.008 percent) is much smaller than in
bowheads. The researchers also determined tharb&m of olfactory receptor genes were intactkeanl
odontocetes, where this number is less than 2% perthis suggests that bowheads have a sense of
smell, and the researchers speculate that the svivag use this to find aggregations of krill on evhi
they feed (ADF&G 2010). This is consistent withditeonal knowledge input EPA received from
subsistence hunters, who have raised concernbdhditead whales could be deflected from their
migratory pathways by anthropogenic smells assediaith the discharges.

Except for land-fast ice, which is generally staditereward of the 20 m isobath, the presence atsea
does not appear to limit the movements of whalekerspring in the Beaufort Sea (Quakenbush et al.
2010 as cited in BOEM 2012). However, sea ice tiogslight penetration and wind-driven upwelling,
which influences prey availability and thus whalevaments (Quakenbush et al. 2010 as cited in BOEM
2012).

When whales encounter a partially closed lead poieed with polynyas, they adjust their diving and
surfacing sequences to the size and location dfplea@ water. Whales encountering a small polynya
would surface and blow as many times as space edlavhile traveling at normal speed; then they would
dive at the far edge of the polynya. If anothelypgh was close, the whales would surface there, dak
few more breaths, and continue on. In this wayy there able to negotiate a tenuous system of laads
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move steadily through flaw zones that were mositlyeced with ice (Carroll and Smithhisler 1980;
George et al. 1989).

Occasionally, Carroll and Smithhisler (1980) obsera lead closed so tightly that the whales' prsyre
was hindered, and the polynyas were too far apdrétreached in a single dive. Some whales prodeede
though the lead appeared closed, but fewer dil@owhen the lead was open. It appeared that the
whales dove, searched, and, if they did not finottaer polynya, returned to mill in the availabldymya,
thus keeping the surface water from freezing. Sedsimore flexible than freshwater ice, and bowlkea
and white whales¥elphinapterus leucdsave been sighted pushing up young ice, formimgrocks to
breathe. The bowhead whales must often utilize sergll pools of open water just large enough to
accommaodate their blowholes (George et al 198%aPestudies of acoustical and visual comparisons
of the spring migration off Barrow indicate thawiteads may migrate under ice and can break through
ice 14-18 centimeters (5.5-7 inches) thick to hredMMS 2003). However, the whales’ primary relianc
on breaks in the ice to breathe during this ciiticggration, feeding, and calving period — furtiseipports

a restriction of activities, including dischargaghe Chukchi Sea, to ensure minimal disturbance.

The rate of whale travel speed ranges from 1 temi/hour during spring migration. Nearly all the Wds
traveled northeastwardly. Fewer than 1 percenetealin the opposite direction. When they traveled
southwest, it was usually because of closed |eagping their progress to the northeast (Carrail an
Smithhisler 1980). Of 2,406 bowheads that were veskover 4 years in the 1970s, 1,815 (75.4 peycent
were traveling singly; 470 (19.5 percent) wereairg 105 (4.4 percent) were in groups of thred, Eh

(0.7 percent) traveled in groups of four animalar(@ll and Smithhisler 1980). In the fall, bowheads
were presumed to return along a similar generakrbiom the Canadian Beaufort Sea where they spend
much of the summer (Allen and Angliss 2011 as diteBlOEM 2012). The return route is closer to
shore, in water depths ranging from 15 to 44 m240.144.4 ft), across the Beaufort Sea, to thénBer
Sea to overwinter in polynyas and along edgesepttk ice (Braham et al. 1980; Moore and Reeves
1993 as cited in BOEM 2012). The first whales tgibehe fall migration are typically the larger ane
which establish the migration route in the Beau8a&a. Migration through the eastern Alaskan pomion
the Beaufort Sea continues through September andictober (Huntington and Quakenbush 2009 as
cited in BOEM 2012). See Figure 5-1.
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Figure 5-1. Tracks of tagged bowhead whales betweduly and December, 2006—-2012, relative to actiand
proposed petroleum areas (BOEM 2013).

Beluga Whale. Two stocks of beluga whaleBélphinapterus leucgsnhabit the Alaskan Chukchi Sea:
the Eastern Chukchi Stock and the Beaufort StogkrSer breeding concentrations can be found at
Kasegaluk Lagoon. The summer Beaufort Sea stoddbrduring the summer mostly in the Mackenzie
Delta (Hazard 1988) and spends the early fall atbegedge of the Beaufort Sea pack ice beforetthey
migrate through the Chukchi to Bering Sea wintegngunds (Allen and Angliss 2010). During the late
summer and early fall, both stocks can be founfdtasorth as latitude 80°N in waters deeper thah 20
meters (656 feet) (Suydam et al. 2005). Betweed®@ahd 3,000 beluga whales annually feed, cal, an
molt in Kasegaluk Lagoon and Peard Bay (Seamah £985; Suydam et al. 2001; MMS 2003).
Traditional knowledge workshop participants confidrthat Omalik Lagoon is an important feeding,
calving, molting, and resting habitat.

Beluga feeding areas are closer to shore and ctvatashin bays and mouths of rivers. Local hunters
report that beluga regularly use an area near Bapafort. They indicated that the area experieaced
landslide in which a significant portion of a sHore cliff slid into the sea resulting in a shalloacky
area used by many fish (SRB&A 2011). Traditionab\wiedge workshop participants identified that
feeding areas for beluga are generally closer doesthan feeding areas for bowhead whales andhbgpt
tend to concentrate in bays, mouths of rivers, fElsmgoon, and near reefs (SRB&A 2011). Beluga
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whales of the Beaufort Sea and eastern Chukchst®eks winter in the Bering Sea and summer in the
Beaufort and Chukchi Seas, migrating around westadnorthern Alaska along the spring lead system
in April and May (Richard et al. 2001; Angliss a@dtlaw 2005) as cited in BOEMRE 2011). Both
bowheads and belugas are associated with the dpadgnd polynya system in the Chukchi Sea in the
months of March through June (BOEMRE 2011). Belug@the spring lead system in their northward
migration in the spring through the Chukchi Sea alsd use the Kasegaluk Lagoon along the Chukchi
coast (BOEMRE 2011). Beluga whales also would @ty be vulnerable to disturbance from
geotechnical activities and pollutants in the desgles within the spring lead system during thengpri
migration period.

Gray Whale. The gray whaleEschrichtius robustygnigrates into the Chukchi and Beaufort Seas durin
spring to feed throughout the late spring, sumaed, early fall. They migrate out of the Chukchi and
Beaufort Seas with freeze up and migrate souttobilte Bering Sea during November to December
(Rice and Wolman 1971). The Eastern North Pactiicksof the gray whale winter and breed in Mexican
lagoons and summer in the shallow-watered BerimgGmukchi Seas. Small numbers of gray whales
have been observed in the Beaufort Sea east of Bairow. Most migrating whales occur within 15
kilometers (9.3 miles) of land (Green et al. 1988) have been observed up to 200 kilometers (124.3
miles) offshore (Bonnell and Dailey 1993). Traditid knowledge workshop participants noted seeing
gray whales in Camden Bay by Collinson Point aatestthat the entire area near Kaktovik is an
important whale habitat area for several specieghafles (SRB&A 2011).

In the Chukchi Sea, whales congregate between Oaperne and Point Barrow (Moore et al. 2000b).
Gray whales migrate into the northern Bering andkchi Seas starting in late April through the summe
open-water months and feed there until Octoberaeekhber (MMS 2003). Most migrating whales occur
within 15 kilometers (9.3 miles) of land (Greera&t1995) but have been observed up to 200 kilommete
(124.3 miles) offshore (Bonnell and Dailey 1993pnCentrations of feeding gray whales are found off
Wainwright. Traditional knowledge workshop partiipts along the Chukchi Sea coast noted that gray
whales are often observed feeding outside Five-Miles (SRB&A2011). Traditional knowledge
workshop participants along the Beaufort Sea aoatstd seeing gray whales in Camden Bay by
Collinson Point and stated that the entire area Ikektovik is an important whale habitat area feveral
species of whales (SRB&A 2011).

Fin Whale. Fin whales Balaenoptera physalyisnight occur seasonally in southwestern Chukchi Se
Their known current summer feeding habitat incluithessouthern portion, especially the southwestern
portion, of the Chukchi Sea along the Alaskan cdastwhales feed primarily on euphausiids, orItkri
but also consume substantial quantities of fishhé&North Pacific overall, fin whales preferred
euphausiids (mainlf£uphausia pacificaThysanoessa longipgg. spinifera andT. inermid and large
copepods (mainlZalanus cristuy followed by schooling fish such as herring, wg# pollock

(Theragra chalcogrammaand capelin (NMFS 2011b). Fish, especially capetalleye pollock, and
herring, were the main prey documented in the stbi&rom harvested whales taken north of 58° N.
latitude in the Bering Sea. Fin whales appear tkenbang distance movements quickly to track prey
aggregations and can switch their diet from kalfish as they migrate northward (NMFS 2011b).

Fin whales are rarely observed in the easterndfigife Chukchi Sea. Three fin whales (includinga-¢
calf) were observed together in the southern Chitgeh, directly north of the Bering Strait, in Jal§81
(Ljungblad et al. 1982 as cited in NMFS 2011b)187¥9-1987, no other fin whale sightings were
reported during aerial surveys of endangered whalssmmer (July) and autumn (August, September,
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and October) in the Northern Bering Sea (northahSLawrence Island), Chukchi Sea (north of 66° N.
latitude), and east of the International Date land the Alaskan Beaufort Sea (157° 01’ W. eas#@3 1

W. longitude) and offshore to 72° N. latitude (Lginad 1988 as cited in NMFS 2011b). Fin whales were
not observed during annual aerial surveys of theuBet Sea, conducted in September and October from
1982-2004 (e.g., Treacy 2002; Moore et al. 2000titad in NMFS 2011b). Fin whales were also not
observed during a 2003 summer research cruisei@tiukchi and Beaufort seas (Bengston and
Cameron 2003 as cited in NMFS 2011b). With thengence of oil and gas activities in the Chukchi Sea
and related monitoring and research, there have &éew fin whale sightings in the eastern halffief
Chukchi Sea (NMFS 2011b).

Fin whales are not expected to routinely occuhaBeaufort and Chukchi seas. Continued arctic
warming could result in changes in oceanographiditimns favorable to the distribution and abundanc
of fin whale prey species; and extend their distiin into waters of the Chukchi Sea, and possibly
Beaufort Sea (NMFS 2011b).

Polar Bear. Polar bearsirsus maritimuyare widely distributed throughout the Arctic waehe sea is
ice-covered for large portions of the year. Segicwides a platform for hunting and feeding, feeking
mates and breeding, for denning, and for long-diganovement. Ringed seals are polar bear’s primary
food source, and areas near ice edges, leadslyorype where ocean depth is minimal are the most
productive hunting grounds. While polar bears primdunt seals for food, they may occasionally
consume other marine mammals, including via scangnan their carcasses (USFWS 2009).

This behavior was also discussed during the Taditiknowledge workshops, where participants
indicated that whale carcasses provide easy feegipgrtunities and attract polar bears, making €ros
Island, Barter Island, and Point Barrow (areas wlitertchered whale carcasses are deposited) prime
feeding grounds. Additionally, respondents indidateat polar bears follow bearded seals in theafadl
are seen near the barrier islands (SRB&A 2011 difiomal knowledge workshop participants reported
that during the winter, polar bear dens are foumlolath offshore and onshore environments. Partitipa
commented that on land, polar bears will den albrers and in areas with larger snow drifts. Thispa
stated that polar bears will den offshore whendl®radequate ice and pressure ridges in whichdhey
make their den (SB&RA 2011).

Two polar bear stocks are thought to exist in Adagke Southern Beaufort Sea and the Chukchi/Bering
Seas. Polar bears typically occur at low densitiesughout their circumpolar range. Population
estimates have wide confidence intervals and ahbigliestimate does not currently exist (USFWS 2009)

5.6. Coastal and Marine Birds

Migratory birds are a significant component of tharine ecosystem of the Chukchi and Beaufort Seas.
Both areas include important foraging, nesting, @ading areas for several million birds. Descops$ of
coastal and marine bird distribution are discussetitail in the Chukchi and Beaufort BE (Tetrafiec
2012a). Most species in the Chukchi and Beaufaas &®e migratory and present in the Arctic only
seasonally, from May through early November. Sopez®s appear only during migration; others nest,
molt, feed, and accumulate critical fat reserve=ded for migration while in the area (MMS 1987&)eT
main categories of species include waterfowl (e€lgck, goose, swan), seabirds (e.g., loon, guh)te
shorebirds (e.g., sandpiper, plover, crane), aptbrs (e.g., hawks, eagles, falcons). Complete ¢l
bird species in those groups are presented in EaBlethrough Table 5-5.
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Aerial surveys in the Chukchi and Beaufort Seasltncumented that birds are widespread in
substantial numbers in both nearshore and offshaters (MMS 2008) and it is likely that this
approximate distribution prevails along most oftar entire Beaufort coastline and into the northern
Chukchi Sea during the open-water season. Traditikorowledge workshop participants noted that birds
follow open ice leads during spring migration (SRB8&011). The Sagavanirktok, Kuparuk, Ikpikpuk,
and Colville Rivers that empty into the Beaufora®ave been identified as important nesting and
breeding areas for waterfowl (MMS 1996). Traditibkrrowledge workshop participants confirmed the
Colville River Delta, the mouth of the Kalikpik Riv, Fish Creek, Teshekpuk Lake, and the barrier
islands as important feeding grounds and nestiegsafior birds (SRB&A 2011).

The highest pelagic bird density is near Barrowiciltontains high amounts of plankton that arecal fo
source for birds and other organisms. Traditiomaividedge workshop participants confirmed that
Barrow is in the migratory path of several bird@ps, particularly eiders and brants, and thattisran
long-tailed ducks, and Canada geese molt at theuspoints found along the Beaufort Sea coast,
including Beechy Point and the area east of OlilRoint (SRB&A 2011). Most shorebirds and other
waterfowl concentrate in snow-free coastal or idlareas until nest sites are available (MMS 1982).
Most birds are along barrier islands or in lagotker than seaward from lagoons or along mainland
shores (Flint et al. 2000 as cited in MMS 2003)orghirds are numerically dominant in most coastal
plain bird communities occurring across northeraskh (including the Arctic National Wildlife Refuge
and Canada (including Kendall Island Bird Sancthary

Five types of habitat particularly capable of supipg a variety of marine and coastal avifaunathees
barrier islands, coastal lagoons, coastal saltmeargiver deltas, and offshore areas. The coastairs
are primary habitat for nesting, molting, feediagd resting activities of migratory marine birdsajit
concentrations of birds occur nearshore [in wagbedlower than 20 meters (66 feet)] and in coastds
along the Chukchi and Beaufort Seas. Nearshora atea provide important nesting habitat for loons,
waterfowl, and shorebirds and include foraging tetior seabirds nesting. This was confirmed by
traditional knowledge workshop participants (SRB&811).

The highest nesting densities generally occur@asof mixed wet and dry habitats, whereas birdsof
move to wetter areas for broodrearing. Island$vier deltas and barrier islands provide the priacip
nesting habitat for several waterfowl and marind bpecies in the Area of Coverage. Shorebirdepref
wet-tundra habitats or well-drained, gravelly arfsasesting, whereas loons use lakes, and geeserpr
deeper ponds or wet tundra near lakes. Lagoonstbby barrier islands, bays, and river deltas pl@vi
important broodrearing and staging habitat for wiat, particularly molting oldsquaws (ADF&G 2008
cited in ADNR 2009).

Important feeding and staging grounds for shorabamtd waterfowl include Kasegaluk Lagoon, the
mouth of the Kuk River, Peard Bay, and salt marsi@sg the mainland coast. Those habitats arealiti
to waterfowl that regularly pass through or nearBeaufort and Chukchi Seas during migration.
Traditional knowledge workshop participants repotieat Kasegaluk Lagoon, the barrier islands, spits
surrounding the lagoon, and inland areas near Rainare all important habitat areas for waterfowl
species. The smelt in Kasegaluk Lagoon provide foodesting waterfowl (SRB&A 2011).

The Ledyard Bay area, located between Cape Listandehe village of Point Lay within the deferral
area (Figure 5-2

), is part of the spring lead system thaa isritical stopover area of foraging and restingrayispring
migration for a substantial proportion of all seekkimoving to breeding areas on the Arctic Coastal
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Plain or western Canada. Similarly, this same apggears important to many of these same birds once
they leave breeding grounds and molt or stage priarigrating to wintering areas (MMS 2007).

Figure 5-2. Chukchi Sea Spring Lead System SeasdlyaRestricted Area.

Spectacled eider§6materia fischeyimake use of the spring lead system when theyatagrorth from
the wintering area into the Chukchi Sea in May amge (BOEMRE 2011). After breeding, male eiders
fly to nearshore marine waters in late June whweeg tindergo a complete molt of their flight feathén
Arctic Alaska, the primary molting area is Ledy&ady (NMFS 2011). The spring lead system includes
the Ledyard Bay Critical Habitat Unit and represehe only open-water area along their migratoti pa
(BOEMRE 2011). Like other eiders, the Spectaclelérs use the spring lead system for feeding and
resting. Similarly, the Steller’s eide®dlsticta stellerj return to the Arctic as spring thaw allows,
migrating north in May and June (NMFS 2011). Alamgen coastline, Steller’s eiders usually remain
within about 400 m (1,312 ft) offshore in waterdésan 10 m (33 ft) deep but they can also be fanind
waters well offshore in shallow bays and lagoonsear reefs (USFWS 2000a as cited in NMFS 2011).

Most king eidersSomateria spectabilidegin to migrate through the Chukchi Sea durjring and
arrive in the Beaufort Sea by the middle of Maythwhales typically preceding females (Barry 1968 as
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cited in MMS 2007). In the Beaufort Sea, the lamatnd timing of offshore leads along the Chukaa S
is major factor determining routes and timing afkeider migration (Barry 1986 as cited in MMS 2D07
Oppel (2007, pers. commun. as cited in MMS 200@prted extensive use of the spring lead system by
king eiders. According to Oppel (as cited in MM3)2}) 80 king eiders were satellite-tagged between
2002 and 2006. Of these, 23 died or the transnidtied. Of the remaining 57 birds, 54 (95 percent)
were documented to stage in the Ledyard Bay vicimearshore waters between Cape Lisburne and
Peard Bay). The typical staging time in Ledyard Beag 17-24 days (range 1-48 days) (MMS 2007).

Table 5-2. Shorebirds in the Beaufort and ChukchBeas.

Common name Scientific name Breeds in Breed; in
Beaufort Sea Chukchi Sea

Sandhill crane Grus Canadensis X X
Black-bellied plover Pluvialis squatarola

American golden-plover Pluvialis dominica X X
Semipalmated plover Charadrius semipalmatus X X
Whimbrel Numenius phaeopus X X
Hudsonian godwit Limosa haemastica

Bar-tailed godwit Limosa lapponica X X
Ruddy turnstone Arenaria interpres X X
Black turnstone Arenaria melanocephala

Great knot Calidris tenuirostris X
Sanderling Calidris alba

Semipalmated sandpiper Calidris pusilla X X
Western sandpiper Calidris mauri X X
White-rumped Sandpiper Calidris fuscicollis X X
Baird’s Sandpiper Calidris bairdii X X
Pectoral sandpiper Calidris melanotos X X
Buff-breasted Sandpiper Tryngites subruficollis

Dunlin Calidris alpine X X
Long-billed dowitcher Limnodromus scolopaceus X X
Common snipe Gallinago gallinago X X
Red-necked phalarope Phalaropus lobatus X X
Red phalarope Phalaropus fulicaria X X
Pelagic cormorant Phalacrocorax pelagicus X X
Lesser yellowlegs Tringa flavipes

Wandering tattler Heteroscelus incanus (sometimels X

placed with Tringa incanus)

Red-necked stint (rufous-necked| Calidris ruficollis

stint)
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Table 5-3. Raptors in the Beaufort and Chukchi Sea

Common name Scientific name Breeds in Breed_s in
Beaufort Sea Chukchi Sea
Northern harrier Cirus cyaneus X X
Rough-legged hawk Buteo lagopus X X
Bald eagle Haliaeetus leucocephalus
Golden eagle Aquila chrysaetos X X
Peregrine falcon Falco peregrines X X
Gyrfalcon Falco rusticolus X X
Snowy owl Bubo scandiacus X X
Short-eared owl Asio flammeus X X
Merlin Falco columbarius
Table 5-4. Seabirds in the Beaufort and Chukchi S
Common name Scientific name Breeds in Breed; in
Beaufort Sea Chukchi Sea
Red-throated loon Gavia stellate X X
Pacific loon Gavia pacifica X X
Yellow-billed loon Gavia adamsii X X
Arctic loon Gavia arctica
Common loon Gavia immer
Red-necked grebe Podiceps grisegena X X
Northern fulmar Fulmarus glacialis
Pomerine jaeger Stercorarius pomarinus X X
Parasitic jaeger Stercorarius parasiticus X X
Long-tailed jaeger Stercorarius longicaudus X X
Mew gull Larus canus X X
Herring gull Larus argentatus
Glaucous gull Larus hyperboreus X X
Sabine’s gull Xema sabini X X
Glaucous-winged gull Larus glaucescens
Ivory gull Pagophila eburnean
Ross’ gull Rhodostethia rosea
Black-legged kittiwake Rissa tridactyla X X
Arctic tern Sterna paradisaea X X
Common murre Uria aalge X
Thick-billed murre Uria lomvia X
Black guillemot Cepphus grille X X
Pigeon guillemot Cepphus Columba X
Horned puffin Fratercula corniculata X
Tufted puffin Fratercula cirrhata X
Fork-tailed storm-petrel Oceanodroma furcata
Kittlitz's murrelet Brachyramphus brevirostris X
Dovekie Alle alle X
Crested auklet Aethia cristatella
Least auklet Aethia pusilla
Parakeet auklet Aethia psittacula
Short-tailed shearwater Puffinus tenuirostris
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Table 5-5. Waterfow! in the Beaufort and Chukchi ®as.

Common name Scientific name Breeds in Breed; in
Beaufort Sea Chukchi Sea
Mallard Anas patyrhynchos X X
Tundra swan Cygnus columbianus X X
Greater white-fronted goose Anser albifrons X X
Snow goose Anser caerulescens
Canada goose Branta canadensis X X
Emperor goose Anser canagicus X X
Green-winged teal Anas crecca X X
Black brant (or brent) Branta bernicla nigricans X X
Northern pintail Anas acuta X X
Northern shoveler Anas clypeata X X
American wigeon Anas americana
Greater scaup Aythya marila X X
Common eider Somateria mollissima X X
King eider Somateria spectabilis X X
Oldsquaw or long-tailed duck Clangula hyemalis X X
Black (or Common) scoter Melanitta nigra
Surf scoter Melanitta perspicillata
White-winged scoter Melanitta fusca
Red-breasted merganser Mergus serrator X X
Harlequin duck Histrionicus histrionicus X
Barrow’s goldeneye Bucephala islandica
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5.7. Threatened and Endangered Species

The Endangered Species Act requires federal agetwonsult with the USFWS and NMFS if the
federal agency’s actions could beneficially or adety affect any threatened and endangered spacies
their designated critical habitat. In this case, féderal action agency is EPA, and the federarac the
issuance of the Geotechnical GP.

The action could affect listed species under thisgiction of both the USFWS and NMFS. This section
gives an overview of the listed species (endangéheeatened, proposed, and candidate in the Area o
Coverage including reasons for listing. OvervieWwpatential effects on the species and their aitic
habitat from the geotechnical discharges are dsszligy Section 6.3. The BE for the Geotechnical &P,
well as the BEs for the Beaufort and Chukchi Exaimn NPDES General Permits, provide a detailed
analysis of the potential effects of the permit@acon the listed species. Table 5-6 summarized@he
species listed.

Table 5-6. Summary of Endangered Species Act-listeproposed, and candidate species occurring in the
Area of Coverage

Critical habitat

Common Scientific name | ESA status d¢3|_gnated . Reason for ESA listing
name within the Action
Area

Effects on population due to historic commergial

Bowhead |Balaena Endangered| No whaling, habitat degradation, and ongoing

whale mysticetus whaling in other countries and other
anthropogenic related disturbances
Effects on population due to historic commergial
Fin whale Balaenoptera Endangered| No whaling, habitat degradation, and ongoing

whaling in other countries and other
anthropogenic related disturbances
Effects on population due to historic commergial
whaling, habitat degradation, and ongoing

physalus

Humpback | Megaptera Endangered| No

whale novaeangliae whaling in other countries and other
anthropogenic related disturbances
Global climate change and its effects on Arctic
Polar bear | Ursus maritimug Threatened | No sea-ice is the primary threat to polar bear
populations
. The causes of the spectacled eider’s populatjon
Spectacled| Somateria , ) .
! : . Threatened | Yes decline are currently unknown; however, it is
eider fischeri ; .
likely due to loss of habitat
The causes of the Steller’s eider population
decline include increased predation, over
S_tellers Polsticta stelleril Threatened | No hunting, ingestion of lead shot,_ hablta_lt Io§§,
eider exposure to environmental toxins, scientific
exploitation, and the effects of global climate
change
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Effects on bearded seal populations have

Bearded . included direct harvesting, indirect mortalities|as
Erignathus . . . .
seal, a result of fisheries, mortalities resulting from
Vo barbatus Threatened | No . "
Beringia nauticus marine mammal research activities, and the

DPS effects of global climate change in the Arctic
environment

Effects on ringed seal populations have inclugled
direct harvesting, indirect mortalities as a resqlt

Ringed

seal, Arctic P.hO(.:a hispida Threatened | No of fisheries, mortalities resulting from marine
.~ hispida o
subspecies mammal research activities, and the effects df
global climate change in the Arctic environmgnt
Effects on walrus populations have included
Pacific Odobenus historic commercial hunting, pollution and noise
rosmarus Candidate |No disturbances related to the oil and gas industty,
walrus . . .
divergens and the effects of global climate change in th¢
Arctic environment
Yellow-billed loons are vulnerable to populatipn
Yellow- decline because of their small population siz4g,

billed loon Gavia adamsii | Candidate | No low reproductive rate, and specific breeding

habitat requirements

EPA has completed the informal ESA Section 7 cdaasah process with USFWS and NMFS. On
December 20, 2013, EPA sent the Biological Evatue{BE) to the USFWS and NMFS requesting
concurrence on the agency’s determinations thaars=se of the Geotechnical GP may affect, but is not
likely to adversely affect the ESA-listed speciesheir designated critical habitat areas. EPA
supplemented the BE on February 11, 2014, withtiaail analysis for the Pacific walrus, a candidate
species, and requested to “conference” on theteftddhe Geotechnical GP on this species.

On January 31, 2014, the USFWS concurred with EBAterminations for the polar bear, spectacled
eider, and Steller’s eider, and designated spextagtier critical habitat. In a separate letteMamch 13,
2014, the USFWS concluded that the Geotechnicak@Bt likely to jeopardize the continued existence
of the Pacific walrus. In a letter dated March 2814 NMFS, concurred with EPA’s determinations that
issuance of the Geotechnical GP may affect, bubtidikely to adversely affect the bowhead, fingdan
humpback whales, and bearded and ringed seals.

5.8. Essential Fish Habitat

EFH is the waters and substrate (sediments, arliké)eecessary for fish to spawn, breed, feedjrow

to maturity, as defined by NMFS for specific fighesies. In the Area of Coverage, EFH has been
established for snow crabs, Arctic cod, saffron, @l Pacific salmon (chinook, coho, pink, sockeye,
and chum). Juvenile and adult life stages of edéH Epecies are present within the Area of Coverage.
The Magnuson-Stevens Fishery Conservation and Memeigt Act (January 21, 1999) requires EPA to
consult with NMFS when a proposed discharge hapabential to adversely affect EFH. Table 5-7 lists
the EFH species potentially present in the Are@mferage. The Geotechnical BE includes an evaluatio
of EFH and EPA’s determination of no adverse effiexn the permit action.
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Table 5-7. EFH species potentially present in thArea of Coverage.

Common name Scientific name

Pacific salmon- chinook, coho, pink, sockeye, chum Oncorhynchus tshawytscha, O. kisutch, O. gorbuscha,
O. nerka, O. keta

Arctic cod Boreogadus saida
Saffron cod Eleginus gracilis
Opilio snow crab Chionoecetes opilio

5.9. Subsistence Activities and Environmental Justi ce Considerations

Environmental justice (EJ) is the fair treatmerd ameaningful involvement of all people regardles o
race, color, national origin, or income with redpeche development, implementation, and enforecgme
of environmental laws, regulations, and policiese@itive Order 1289&.ederal Actions to Address
Environmental Justice in Minority Populations anoWi-Income Populationgind the accompanying
Presidential memorandum, directs each federal ggenmnsider EJ as part of its mission and to igve
strategies to achieve environmental protectiorafocommunities to the greatest extent practicabie
permitted by law.

EPA's tribal trust responsibilities and governmamgovernment consultation requirements are covered
under a separate Executive Order and agency mlidi@vever, the issues and concerns shared with EPA
by tribal governments are also considered in tHiafalysis because of related issues and concerns
among all Arctic communities regarding safety disistence foods and cultural impacts, including the
continuation of the subsistence way of life. ThetN&lope, Northwest Arctic and Bering Sea
communities are predominantly Alaska Native. EP#aldng the approach that if the Geotechnical GP
action is protective of subsistence resources, itheitl be protective of all residents of the comnities.

EPA developed an EJ analysis in support of the #8etaand Chukchi Exploration NPDES General
Permits (AKG282100 and AKG2881000, respectivelyEPA 2012c). As the EJ analysis evaluated and
considered the potential impacts to the same coritimsifrom similar discharges, EPA believes the EJ
analysis is also relevant for the Geotechnical [B@ase refer to the EJ Analysis for additional itketa

While there are many subsistence resources hadviestee Area of Coverage, there is one particular
traditional cultural activity that is a key componef Inupiat culture and way of life. The bowhewldale
hunt involves most of the community in some parhef hunt, and the proceeds are shared and enjoyed
feasts and celebrations. Where in many aspectapfdt life cultural changes have taken placeat th
expense of tradition, the whale hunt remains “kethe survival of [Inupiat] culture” (Brower et. 8098

as cited in NMFS 2013).

The Western Arctic bowhead whal@a{aena mysticetignigrate annually from wintering areas in the
northern Bering Sea, through the Chukchi Sea irsphimg, and into the Canadian Beaufort Sea where
they spend the summer. In the autumn they retutinet@ering Sea to overwinter. Eleven Alaskan adast
communities along this migratory route participatéraditional subsistence hunts of these whales:
Gambell, Savoonga, Little Diomede, and Wales (enBaring Sea coast); Kivalina, Point Lay, Point
Hope, Wainwright, and Barrow (on the coast of tieikthi Sea); and Nuigsut and Kaktovik (on the
coast of the Beaufort Sea). The bowhead whale ¢amgtitutes an important subsistence activity for
these communities, providing substantial quantitie®od, as well as reinforcing the traditionailisk

and social structure.
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The Northwest Arctic coastal and Bering Sea comtiesithat participate in the bowhead whale hunt
share many common features with the North Slop@®@yhr coastal communities. These include many
lifestyle, environmental, social, economic, andwual conditions that determine health outcomeshsu
as reliance on subsistence resources, remotedaogatnall population comprised mainly of Ifiupiat
people, limited infrastructure, housing type, antdted economic opportunities. Seventy-two pere#nt
adults in the Northwest Arctic Borough reportedtiggrating in hunting, fishing, and harvesting for
subsistence (Poppel et al. 2007; NMFS 2013).

Some villages hunt only in the spring, some onlthimfall, and Barrow, Wainwright, and the Saint
Lawrence Island villages of Gambell and Savoong# haoth in the spring and fall/winter. Biologists
from NMFS collected harvest data from 1973 untB19The North Slope Borough began collecting
harvest data in 1982 in collaboration with the AKl&skimo Whaling Commission (AEWC) and
continues through the present (Suydam and Geort@) 2Bigure 5-3 below depicts the sensitivity areas
by community, during bowhead whale subsistenceities.

Figure 5-3. Bowhead whale subsistence sensitivityeas by community.

(Sourcehttp://www.north-slope.org/departments/wildlife-nagiement/studies-and-research-projects/bowhead-
whales/bowhead-whale-subsistence-harvest-researtRgponSubHarv
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The spring hunt occurs as whales migrate nortiibesmiigh the spring lead system along the northweste
coast of Alaska, typically from early April to eadune. Barrow also hunts during the fall mignatias

do Nuigsut, and Kaktovik. The fall hunt occurs pea water as whales migrate west along the Beaufort
Sea or southwest along northeastern Chukchi Sesasconorthern Alaska. The fall hunt usually oscur
from August through October. Because of difficulvieonmental conditions during the spring, espégial
deteriorating sea ice, Wainwright, Point Lay, amihPHope have expressed interest in hunting in the
fall. Crews have gone out hunting but of thosedhi#lages only Wainwright landed whales, one inhea
fall of 2010 and 2011. Recently Savoonga and Gambkhges on Saint Lawrence Island, have been
hunting more frequently during the late fall andywinter (Suydam and George 2013).

Nuigsut. Nuigsut whalers only conduct bowhead whaling duthmgfall. Nuigsut whalers search for
whales on areas north and east of Cross Island|lyéuwater depths greater than 66 feet. Thesalevh
primarily use Cross Island as their base while goneyhunting bowhead whales. Nuigsut whalers uguall
land 3 or 4 whales per year. Currently, beluga efare not a prevailing subsistence resource iguti
Spotted seals are typically hunted in the nearsiaters off the Colville River Delta in the summer
months. Bearded seals are generally hunted duiiggwlith some hunting occurring also in August and
September. Ringed seals are primarily hunted imiheer or spring. Other subsistence activitieduide
fishing, waterfowl and seaduck harvests, and hgrftin walrus, polar bears, caribou, and moose (NMFS
2013a).

Kaktovik. Kaktovik whalers conduct bowhead whaling during tall. Kaktovik whalers hunt for whales
east, north, and occasionally west of Kaktovik.ugel whales are not a prevailing subsistence respurc
Kaktovik hunters may harvest one beluga whale mjuwaction with the annual bowhead hunt. It appears
that most Kaktovik residents obtain beluga throegthanges with other communities. Bearded seals are
generally hunted during July, with some huntingascurring in August and September. Ringed seals
are primarily hunted in the winter or spring. Otkabsistence activities include fishing, waterfant
seaduck harvests, and hunting for walrus, polarshbearibou, and moose (NMFS 2013a).

Barrow. Spring bowhead whale hunting generally occurs fAgpril to June. Barrow whalers hunt from
ice leads from Point Barrow southwestward alongGhakchi Sea coast to the Skull Cliff area. Fall
bowhead whale hunting occurs in August to Octolmnfapproximately 10 miles west of Point Barrow
to the east side of Dease Inlet. The northern banynaf the fall whaling area is 30 miles north a@fifi®
Barrow and extends southeastward to a point apmately 30 miles off Cooper Island. Beluga whaling
occurs from April to June in the spring leads bemv®oint Barrow and Skull Cliff; later in the seaso
belugas are hunted in open water around the baslards off Elson Lagoon. Walrus are harvesteohfro
June to September from west of Barrow southwestizaReard Bay. Polar bear are hunted from October
to June generally in the same vicinity used to lwadtus. Seal hunting occurs mostly in winter, $orne
open-water sealing is done from the Chukchi coastiast as far as Dease Inlet and Admiralty Balgen
Beaufort Sea (MMS 2007).

Wainwright. Spring bowhead whaling occurs from April to Junéhie spring leads offshore of
Wainwright. Wainwright whalers hunt beluga whaleshie spring lead system from April to June, but
only if no bowheads are in the area. Later in timareer, from July to August, belugas can be hunted
along the coastal lagoon systems. Walrus hunticgresdrom July to August at the southern edge ef th
retreating pack ice. From August to September vgatan be hunted at local haulouts with the focsdh ar
from Milliktagvik north to Point Franklin. Polar be hunting occurs primarily in the fall and winter
around Icy Cape, at the headland from Point Belth&oint Franklin, and at Seahorse Island (MMS
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2007). Beginning in 2010, for the first time in nyastecades, Wainwright successfully landed bowheads
during the fall. They landed another whale in thiédf 2011 (Suydam et al. 2014).

Point Lay. Because Point Lay’s location renders it unsuitétmdowhead whaling, beluga whaling is the
primary whaling pursuit. Beluga whales are hana$tem the middle of June to the middle of JulyeTh
hunt is concentrated in Naokak and Kukpowruk Passeth of Point Lay where hunters use boats to
herd the whales into the shallow waters of Kasdgahgoon. If the July hunt is unsuccessful, hunters
can travel as far north as Utukok Pass and a®tdah ss Cape Beaufort in search of whales. When ice
conditions are favorable, Point Lay residents laitus from June to August along the entire lerajth
Kasegaluk Lagoon, south of Icy Cape, and as f@0asiles offshore. Polar bears are hunted from
September to April along the coast rarely more thamiles offshore (MMS 2007). In 2009, Point Lay
landed its first bowhead whale in more than 70 ye&nother whale was landed in 2011 (Suydam and
George 2013).

Point Hope. Bowhead whales are hunted from March to June fialing camps along the ice edge
south and southeast of the point. The ice leadredy more than 6 to 7 miles offshore (MMS 2007)tiJ
recently, there was no fall bowhead hunt in Poiapélbecause the whales migrate on the west sithe of
Bering Strait, out of range of the Point Hope whal@®MFS 2013b). Beluga whales are harvested from
March to June in the same area used for the bowlkal® hunt. Beluga whales can also be hunteden th
open water later in the summer from July to Auguestr the southern shore of Point Hope close to the
beaches, as well as areas north of the point asf&@ape Dyer. Walrus is harvested from May to July
along the southern shore of the point from Poinpéitm Akoviknak Lagoon. Point Hope residents hunt
polar bears primarily from January to April and asionally from October to January in the area sotith
the point and as far out as 10 miles from shore G/&2007).

5.9.1. Importance of Subsistence

The Inupiat consider subsistence to be more thatrajtway of life,” and for the people who live atp

the Beaufort Sea and Chukchi Sea coasts, subgisietiteir life (Maclean 1998). Subsistence defthes
essence of who they are, and it provides a cororebttween their history, culture, and spiritudidfs.

An essential component of Inupiat values is theisgaf subsistence resources among families, dgen
elders, and those in need. “[V]irtually all Inupfaduseholds depend on subsistence resources to some
degree” (NSB 2004, NMFS 2013).

Subsistence activities are assigned the highesiraul/alue by the Inupiat and provide a sense @ity
in addition to the substantial economic and natmiil contributions. Many species are importantlier
role they play in the annual cycle of subsistems®urce harvests, and each subsistence food resourc
plays an important role. Loss of access to anyist#nee food resource could have serious effeckenVv
a subsistence resource is unavailable for any ne&asmilies will adapt and redirect harvest effort
towards other species, but the contribution of saeseurces to the annual food budget would be very
difficult to replace. Besides their dietary berefdubsistence resources provide materials foryarae
and for the sharing patterns that help maintaiditicmal Inupiat family organization. Relationships
between generations, among families, and withinkatareen communities are honored and renewed
through sharing, trading, and bartering subsistéoods. The bonds of reciprocity extend widely bhayo
the permit areas of coverage and help to maini@snvtith family members elsewhere in Alaska.
Subsistence resources provide special foods figiaak and ceremonial occasions; the most important
ceremony, Nalukataq, celebrates the bowhead wiaalest (NMFS 2008 and 2013).
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The use of traditional food in the subsistence wfdife provides important benefits to users. Sstesice
foods are often preferable as they are rich in nmangients, lower in fat, and healthier than pussth
foods. Subsistence foods consist of a wide randistofind wildlife and vegetable products that have
substantial nutritional benefits. According to #gtate Division of Subsistence, about 38.3 millioupds

of wild foods are taken annually by residents oalélaska, or about 316 pounds per person per. year
This compares to 23 pounds per year harvested &skAls urban residents. Fish comprise 55 percent of
subsistence foods taken annually. Ninety-two tolmnedred percent of rural households consume
subsistence-caught fish, according to the statdH&® 2010).

Subsistence harvesting of traditional foods, iniclggreparation, eating, and sharing of resources
contributes to the social, cultural, and spiritwell-being of users and their communities (NMFS201
Communities express and reproduce their uniquditienbased on the enduring connections between
current residents, those who used harvest ardhe past, and the wild resources of the land. Blder
conferences, spirit camps, and other informatiartharge and gathering events serve to solidify these
cultural connections between generations and bettteepeople and the land and its resources (NMFS
2013).

Participation in the harvesting and sharing of gibace foods goes beyond the family and the
community. There is an extensive network of excleahg@t occurs between communities of the Beaufort
and Chukchi Seas and further to relatives resiglingrger towns such as Anchorage and Fairbanks. Fo
instance, the shares of bowhead whale that eashroegnber receives after whaling are involved in
secondary redistribution among local relatives #wode in other communities. Social and cultural
identity is strengthened by serving subsistencddai home and at feasts and sharing subsisteods, fo
particularly with elders. The foods that are exgwhstrengthen family and regional ties (NMFS 2013)

5.9.2.  Subsistence Participation and Diet

Diets include both traditional, or subsistence &yahd non-traditional, or store foods. Traditiotiaks

are associated with numerous health benefits ahted risk of many chronic diseases including
diabetes, high blood pressure, high cholesteralitltisease, stroke, arthritis, depression, angtsom
cancers (Reynolds et al. 2006; Murphy et al. 19@#er et al. 1996; Ebbesson et al. 1999, Bjerredjaar
al. 2005). Data from the 2003 North Slope Boroughstis show that virtually all Ifiupiat households
report relying on subsistence resources to sonanexnd that subsistence foods make up a large
proportion of healthy meals (Circumpolar Researshokiates 2010, NMFS 2013). The North Slope
Borough also has among the highest per capita $igreé subsistence food in Alaska (McAninch 2010).

Residents have expressed concerns about enviroaingentamination, particularly as it relates to
contamination of subsistence food sources. In entesurvey, 44 percent of Inupiat village residents
reported concern that fish and animals may be erteagat (Poppel et al. 2007, NMFS 2013).
Environmental contaminants have the potential tecahuman health in a number of ways. First
exposure to contaminants via inhalation, ingesiorgbsorption may induce adverse health effects,
depending on a number of factors, including themeabf the contaminant, the amount of exposure, and
the sensitivity of the person who comes in contétit the contaminant.

Aside from actual exposure to environmental contatidn, the perception of exposure to contamination
is also linked to known health consequences. PBorepf contamination may result in stress and etiyxi
about the safety of subsistence foods and avoidafregbsistence food sources (CEAA 2010, Joyce
2008, Loring et al. 2010), with potential changesutrition-related diseases as a result. It isoirtgnt to
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note that these health results arise regardlesti@ther or not there is any real contaminationlavel
that could induce toxicological effects in humathe effects are linked to the perception of
contamination, rather than to measured levels (NIZFE3).

Below is a brief summary of subsistence resoureegasted by the North Slope coastal communities and
generally represented of other Bering Sea and @ccimmunities. Subsistence foods include fish, seal
walrus, beluga and bowhead whale from the BeaafwtChukchi Seas, as well as land-based animals
and certain migratory birds and eggs. More infofamatan be found in the ODCEs for the Beaufort and
Chukchi Exploration NPDES General Permits. Tab&ldelow summarizes the percent total subsistence
harvest by species (NMFS 2013).

Table 5-8. Percent total subsistence harvest by esges

Barrow Wainwright Point Lay Point Hope Kaktovik Nuigsut
Species (1987-1989)| (1987-1989) (1987) (1992) (1992-1993) (1993)
Bowhead whale 38% 35% 63% 6.9% 63% 29%
Beluga whale -- -- 1% 40.3% -- --
Seals 6% 6% 6% 8.3% 3% 3%
Walrus 9% 9% 27% 16.4% - -
Fish 11% 11% 5% 9% 13% 34%
Polar bear 2% 2% 2% -- 1% --
Waterfowl 4% 4% 2% 2.8% 2% 2%

Bowhead Whale. Historically, the bowhead whale was hunted by thekehi communities in the spring;
however, since 2010, Wainwright has hunted in bio¢hspring and fall. Point Lay and Point Hope have
also attempted the fall hunt. Barrow residents isb@stly hunt the bowhead whale during the sprimg) a
the fall (Suydam et al. 2014). Nuigsut and Kaktos@kduct hunting activities in the Beaufort Seshim

fall. Bowhead whale hunting can occur anywhere flomiles to more than 10 miles offshore depending
on the location of open leads and weather conditi@RB&A 2011). In 1977 the International Whaling
Commission established an overall quota for sudrsigt hunting of the bowhead whale by the Alaskan
Ifiupiat. The Alaska Eskimo Whaling Commission reges the quota, and it annually decides how many
bowheads each whaling community may take.

Bowhead whales are hunted from open leads in théeig., areas of open water) during the spring
months of March and April when pack-ice conditiaie$eriorate and during the fall in open water,
typically between late August and early October.difter marine mammal is harvested with the intgnsit
and concentration of effort that is expended orbthehead whale (MMS 2008).

Beluga Whale. Beluga whales hunting begins at the spring whadeason through June and occasionally
in July and August in ice-free waters. Belugasganmeerally harvested incidental to the bowhead bunt
after the spring bowhead season ends. Beluga wamddsarvested in the leads, in the lagoon systems
along the coast, and in the outer coast of thedvastands.

Seals. Seals are hunted year-round, but the bulk of thels#vest takes place during the open-water
season, with breakup usually occurring in Junspiing, seals can be hunted once the landfasaie h
retreated. While seal meat is eaten, the dietaryfssance of seals primarily comes from seal ss#ved
with almost every meal that includes subsistenoegoSeal oil also is used as a preservative fatsne
greens, and berries. Also, sealskins are impontahie manufacture of clothing and, because of thei
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beauty, spotted seal skins often are preferrethétking boots, slippers, mitts, and parka trim. dagtice,
however, ringed seal skins are used more ofteraiking clothing, because the harvest of this spesies
more abundant (MMS 2008; SRB&A 2011).

Ringed seals are the most common hair seal speaiessted, and spotted seals are harvested ottlg in
ice-free summer months. Ringed seal hunting iseatnated in the Chukchi Sea, although some hunting
occurs off Point Barrow and along the barrier idmthat form Elson Lagoon. The hunting of bearded
seals is an important subsistence activity bectgsbearded seal is a preferred food and becaasddak
seal skins are the preferred covering materialiferskin boats used in whaling. Six to nine skims a
needed to cover a boat. For those reasons, besedéxlare harvested more than the smaller hag.seal

Walrus. The major walrus hunting effort coincides with 8ping bearded seal harvest. The walrus is
hunted primarily during June to August by the Chuleommunities, but it also is hunted by boat dgrin
the rest of the summer along the northern shopecgally along the rocky capes and other pointsreshe
they tend to haul out (MMS 2008; SRB&A 2011). Wales are incidentally taken during whaling and

seal hunting by Nuigsut and Kaktovik (MMS 2008)uigh they are rarely seen because the communities
are located east of the walruses’ optimum range.

Fishes. The harvesting of fish is not subject to seasdratdtions, a situation that adds to their
importance in the communities’ subsistence dietafiety of fishes are harvested in the marine and
freshwater habitats along the coast, within theeshof barrier islands, and in lagoons, estuasied,
rivers. Fish are eaten fresh or frozen. Becauskedf important role as an abundant and stable food
source, and as a fresh food source during the mtédwimonths, fish are shared at Thanksgiving and
Christmas feasts and given to relatives, friendd,@mmunity elders. Fish also appear in traditiona
sharing and bartering networks that exist amongiN8lope communities. Because it often involves the
entire family, fishing serves as a strong sociatfion in the community.

Waterfowl. Since the mid-1960s, waterfowl and coastal bisda aubsistence resource have been
growing in importance. The most important subsistespecies of birds are the black brant, longdaile
duck, eiders, snow goose, whitefronted goose, Gagadse, and pintail duck. Other birds, such asdpo
occasionally are harvested. Waterfowl hunting cecnostly in the spring, from May through early July
normally, a less-intensive harvest continues thhhougthe summer and into the fall. In the summer an
early fall, such hunting usually occurs as an adfjtm other subsistence activities, such as chgckin
fishnets (MMS 2008).

Eggs from a variety of species still are gathemszhsionally, especially on the offshore islandsnehe
foxes and other predators are less common. Watkthanmted during the whaling season (beginning in
late April or early May) when their flights follotine open leads, provide a source of fresh meat for
whaling camps.

Polar Bear. Polar bears are harvested during the winter mamhscean ice and along ocean leads
(MMS 2008), although they are hunted less actitledy in the past (MMS 2008).
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5.10. Climate Change and Effects on Subsistence

Climate in the Arctic is showing signs of rapid npe; nevertheless further study is needed to better
understand the changes that have been observabeainsgignificance to the Arctic Climate Region as
well as global climate change (NMFS 2013). Evideoicelimate change in the past few decades,
commonly referred to as global warming, has accated|from a variety of geophysical, biological,
oceanographic, atmospheric, and anthropogenic asuince much of this evidence has been derived
from relatively short time periods, and climateltss inherently variable, the recent occurrente o
unusually high temperatures may not necessaripbp@rmal since it could fall within the natural
variability of climate patterns and fluctuationsowkver, with that possibility, it should be notéait
evidence of climate changes in the Arctic have bdentified and appear to generally agree with aten
modeling scenarios. Such evidence suggests (NMES)20

Air temperatures in the Arctic are increasing abecelerated rate

Year-round sea ice extent and thickness has catiffrdecreased over the past three decades
Water temperatures in the Arctic Ocean have inegkas

Changes have occurred to the salinity in the AGtiean

Rising sea levels

Retreating glaciers

Increases in terrestrial precipitation

Warming permafrost in Alaska

Northward migration of the treeline

The implications of climate change on subsisterseurces are difficult to predict, although soreadis
are consistent and anticipated to continue. ThehN®iope communities and their reliance on sulrsiste
resources will be stressed to the extent the obdasfrtanges continue. Those stressors could include
alterations to traditional hunting locations, irases in subsistence travel and access difficutiefis in
migration patterns, and changes to seasonal aiylaid subsistence resources (MMS 2008).

Through the traditional knowledge gathering prodesshe Beaufort and Chukchi Exploration NPDES
General Permits, the following observations regagaithanges in ice conditions and effects on wedlif
and subsistence activities were shared (SRB&A 2011)

Marine mammals such as seals and walrus are catmge large groups because of lack of ice,
becoming skinnier from having to travel farthergianore frequently coming to shore when no
offshore ice is available on which to rest.

Changes in timing and nature of break up (earird freeze up (later) have caused the hunting
season to be shorter and residents to have feyertopities, such as increased difficulty
harvesting from the ice. Additionally, hunters nitigave to travel farther, which increases overall
risks, costs, and dangers from rotten ice.

Warming of the temperatures and permafrost hasibatéd to spoiling of harvested meat.

At the same time, some subsistence activitiesriaiceareas have become easier because of open
leads closer to shore than in the past.

Lack of ice and the habitat it provides affectsimamammal distribution, particularly bearded
seals, walruses, and polar bears.
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The main impacts of climate change on cetaceansdwesult from habitat changes (e.g., ice melting)
that might impact prey migration, location, or dahility as well as potentially impacting existing
migratory routes and breeding or feeding groun@ésaBse of the Arctic Ocean'’s relatively low species
diversity, it may be particularly vulnerable togtoc-level alternations caused by global warming
(Derocher, Lunn, and Stirling 2004 as cited in MRI®7). For example, Mecklenburg et al. (2005 as
cited in MMS 2007) show that changes in the aiceccover are affecting arctic fish (Loeng 2005 as
cited in MMS 2007). In Hudson Bay, Gaston, Woo, alifner (2003 as cited in MMS 2007) concluded
that the decline in arctic cod and increase in loap&d sand lance were associated with a general
warming of the waters and a significant declinéhm amount of ice cover. Their evidence suggests th
the fish community in northern Hudson Bay shifteshd Arctic to Subarctic from 1997 onwards, which
was reflected in dramatically altered diets of kHidlled murres (ria lomvia) in the region. Likewise,

fish assemblages and populations in Alaska havergode observable shifts in diversity and abundance
during the last 20-30 years. Changes in distrilmstiof important prey species, such as arctic cmddc
have cascading effects throughout the ecosystemaiidtic cod is a pivotal species in the arctiafoo
web, as evidenced by its importance as a preytisdmelugas, narwhals, ringed seals, and bearddsl sea
(Davis, Finley, and Richardson 1980 as cited in MB@B7). In arctic regions, no other prey items
compare with arctic cod in abundance and energati®. Arctic cod are believed to be adapted to
feeding under ice and ice-edge habitat is critiealod recruitment (Tynan and DeMaster, 1997 aslicit
in MMS 2007).

As described earlier in this document, the groupaythead whaleBalaena mysticetyighat inhabit the
Bering-Chukchi-Beaufort seas is important to thability of the species as a whole and is a spefies
very high importance for subsistence and to thaueilof Alaskan Native peoples of the northern Bgri
Sea, the Chukchi Sea, and the Beaufort Sea (MM8)2While data do not yet exist to quantitatively
predict how changes in sea ice will affect the paipon dynamics of Bering-Chukchi-Beaufort bowhead
whales, the importance of sea ice to the Arcticgstm suggests that the changes determined through
predictive modeling will have a significant impaxt the ecology of this species. Moore and Laidre
(2006) constructed a conceptual model of the imibeeof sea ice cover on bowhead prey composition
and availability, based on the underlying pathwthigs affect zooplankton. Bowhead whales feed on
zooplankton produced locally within a foraging afea., Calanusspp.) and on zooplankton advected to
foraging areas from elsewher@alanusspp. andrhysanosessspp.) (Lowry et al. 2004 as cited in Moore
and Laidre 2006). Moore and Laidre (2006) noted $ba ice can influence both: (1) the productiain pa
through impacts on predictable solar forcing (tlee, seasonal light cycle) and water stratificgtaomd/or
(2) the advective path through impacts on the dycswof water flow (i.e., currents and upwelling),
driven by highly variable atmospheric (wind) forgirincreased primary production will augment the
bowhead prey base only if it remains well coupletthwooplankton life cycles (Hansen et al. 2002 as
cited in Moore and Laidre 2006).

While bowhead whales do not appear to be fooddithitt present, if primary production becomes
decoupled with the vertical migration of zooplank{e.g., Niehof 2000 as cited in Moore and Laidre
2006), or the increasing fetch of open water enbaistorm-driven mixing and retards stratification
required for peak production in the Arctic (e.gang et al. 2004 as cited in Moore and Laidre 208y,
gain in bowhead prey base could be short lived.&eoosystem models suggest that reductions of ice
cover over the deep Canada Basin may ultimatelyitrgsless energy transfer to higher trophic lsvel
(Walsh et al. 2004 as cited in Moore and Laidre&00ltimately, any decoupling of the system that
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reduces secondary production will have negativectdfon upper trophic levels, including bowhead
whales (Moore and Laidre 2006).

Potential impacts on bowhead whales from climasnge (MMS 2007) include:

Decreases in ice cover with the potential for rsulchanges in prey-species concentrations and
distribution; related changes in bowhead whalgibigtions; changes in subsistence-hunting
practices that could result in smaller, youngerlethdeing taken and, possibly, in fewer whales
being taken.

More frequent climatic anomalies, such as El Nidiod La Nifias, with potential resultant
changes in prey concentrations.

A northern expansion of other whale species, Withdossibility of increased overlap in the
northern Bering and/or the Chukchi seas.

A diminishing ice pack actually might increase thage of certain whales, such as the bowhead,
alternatively, this same situation could diministyfoplankton production, which would lead to deesn

in key cetacean prey species, such as copepoddamdon-feeding fish that are preferred food for
narwhals and beluga whales. A reduced ice packcalslul expose whales to increased Arctic shipitraff
(Burns 2000 as cited in MMS 2007). The timing aedwence of whale migration also may be a function
of ice cover and could negatively affect the fegdand reproduction of ice-associated cetaceanh,asic
bowheads and belugas. Changes to polynyas aneads, limportant in the distribution and migratién o
bowheads in winter and spring, could have a majgaict on bowhead behavior (Huntington and

Mymrin 1996; Lowry 2000; Parson et al. 2001; NRQ20USEPA 1998; National Assessment Synthesis
Team 2000; Environment Canada 1997; IPCC 2001; BE%bject Office 1997 as cited in MMS 2007).
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6. DETERMINATION OF UNREASONABLE DEGRADATION

This section presents a discussion of EPA’s eviainaif the 10 ocean discharge criteria and EPA’s
determinations regarding unreasonable degradation.

Under EPA’s regulations, no NPDES permit may beeadsf it is determined to cause unreasonable
degradation of the marine environment. EPA consitlee 10 ocean discharge criteria and other factors
specified in 40 CFR 125.122(a)-(b) when evaluatirgpotential for unreasonable degradation.
Unreasonable degradation of the marine environmeans:

Significant adverse changes in ecosystem divegmidductivity and stability of the biological
community within the area of discharge and surrcugnbiological community.

Threat to human health through direct exposur@liatants or through consumption of exposed
aquatic organisms.

Loss of aesthetic, recreational, scientific or @it values, which is unreasonable in relation to
the benefit derived from the discharge.

According to EPA’s regulations, when conductingetaluation, EPA may presume that discharges in
compliance with CWA section 301(g), 301(h), or 3)66r with state water quality standards, do not

cause unreasonable degradation of the marine emvinot, 40 CFR 125.122(b). In addition, EPA may
impose additional permit conditions to ensure ¢hdischarge will not result in unreasonable degdrada

In cases where sufficient information is availaioleetermine whether unreasonable degradatioreof th
marine environment will occur, 40 CFR 125.123(aj én) governs EPA’s actions. Discharges that cause
unreasonable degradation will not be permittede©tlischarges may be authorized with necessary
permit conditions to ensure that unreasonable degjn will not occur.

In the circumstances where there is insufficiefdrimation to determine, before permit issuance, ¢ha
discharge will not result in unreasonable degradatePA may permit the discharge, if EPA determines
on the basis of available information that:

Such discharges will not cause irreparable hartihganarine environment during the period in
which monitoring is undertaken.

There are no reasonable alternatives to the omisip@sal of these materials.

The discharge will be in compliance with all peroonditions established pursuant to 40 CFR
125.123(d).

Based on the information provided Sections 1-5 alamd the evaluation provided below, EPA has
determined that the discharges authorized by tlwte@bnical GP will not cause unreasonable
degradation of the marine environment. EPA’s oaliacharge criteria evaluations, related findingd an
determinations are discussed in this section.

6.1. CRITERION 1

The quantities, composition, and potential for bioacumulation or persistence of the
pollutants to be discharged.

Based on information provided by AOGA (2013), EPAates that approximately 100 geotechnical
boreholes will be drilled per year in federal watesithin the Area of Coverage of the Beaufort and
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Chukchi Seas during the 5-year term of the genpemahit. Additionally, for purposes of the ODCE, EPA
assumes four equipment feasibility testing acteitivould occur each year (two per sea), for a gefo
7-10 days per event, totaling 20 events durindeira of the permit. Each related activity woulduleg

a seafloor disturbance of approximately half of@dal mudline cellar dimension; therefore, EPA’s
assumption is the area of disturbance from equiptesting would disturb an area that is approximyate
10 by 20 feet, generating a total of approximagd$,000 gallons of cuttings materials to be disgbdr
during the 5-year permit term. EPA also assumeékngyiluids would not be used for geotechnical
related activities. Section 3 of this ODCE charaeés the types and quantities of discharges tloatdv
occur during the geotechnical surveys and relat&diges. The potential impacts of those dischargee
the focus of this section.

While water-based drilling fluids are not expectedbe used to drill shallow geotechnical borehdiesy
may be used for deeper holes to lubricate theldtiknd stabilize the borehole. The limitationsl an
conditions of the permit ensure that drilling flsidnd drill cuttings do not contain persistent or
bioaccumulative pollutants. For example, if baistadded to the drilling fluids, then mercury and
cadmium in stock barite must meet the limitatiod ahg/kg and 3 mg/kg, respectively, which indirgctl
controls the levels of other metal constituenthindischarge. The drilling fluids must also méet t
suspended particulate phase toxicity testing requéints and cannot be discharged if an oil sheen is
detected. During spring and fall bowhead huntingvaies in the Chukchi and Beaufort Seas,
respectively, the Geotechnical GP restricts thehdieges of drilling fluids and drill cuttings (Disarge
001). In addition, the Geotechnical GP requiregaantory and reporting of all chemicals addedh® t
system, including limitations on chemical addito@centrations.

Discharges of cuttings not associated drillingdjicement slurry and the miscellaneous dischdrges
deck drainage; sanitary and domestic wastes; dasialn unit waste; bilge water; boiler blowdowmegfi
control system test water; non-contact cooling wated uncontaminated ballast water) are not ergect
to carry pollutants that are bioaccumulative osgtent.

Finally, the Geotechnical GP includes a seasomsatlicdon that prohibits all discharges in the Cthik
Sea in the 3-25 nautical mile corridor prior toyJul EPA has included this restriction based on the
relative nearshore location of the spring leadesysn the Chukchi Sea, its particular importange fo
feeding, migration, and calving of bowhead whades] its importance to numerous marine mammal
species and coastal and marine birds, as discirssethil above in Sections 4.3.4, 5.5 and 5.6s Thi
seasonal restriction provides protection for thisaal area during a sensitive period in a manner
consistent with protections provided by BOEM, NMR&&d USFWS.

This seasonal restriction corresponds with BOEM/sgyaphic restriction on all oil and gas leasing
activities within the 3-25 nautical mile deferraéa to protect important bowhead whale habitat tsed
migration, feeding, nursing calves, and breedifQERI’s deferral decision was designed, in part, to
protect environmentally sensitive areas, such aptiynyas and important near-shore habitat, asasar
known to be important for subsistence hunting, faihand gas related activities (MMS 2007, BOEM
2011). BOEM'’s analysis supporting Chukchi oil arad ¢geasing addressed several potential alternatives
including conducting leasing in the entire Chuk8ba OCS with no deferral area. BOEM ultimately
determined, however, that deferring leasing entingthin the 3-25 mile corridor, known as the Cdmi

Il Deferral, would further reduce potential impatisowhead whales and numerous other species while
ensuring that any impacts that do occur remain teary, localized, and minor (BOEM 2011).
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EPA’s seasonal restriction also corresponds witinty restrictions on oil and gas activities in the
Chukchi Sea imposed by NMFS and USFWS. In partict®FS has applied a restriction under the
Marine Mammal Protection Act (MMPA) on vessel eritiio the Chukchi Sea through the Bering Strait
prior to July 1, which is considered the end of$pang bowhead whale migration. NMFS included this
restriction in its 2012 Incidental Harassment Authations for Shell’s exploration activities in the
Beaufort and Chukchi Seas as a mitigation measur@rtimize impacts to marine mammals and
subsistence activities. (NMFS 2011, NMFS 2012pddition, in 2013, USFWS issued a final rule
authorizing the incidental take of Pacific walrugsesing oil and gas exploration activities in thieuRchi
Sea. Among other things, the rule authorizes d@@s/only during the open-water season, not toexkce
July 1 to November 30. This condition is intendedninimize impacts to walruses during the spring
migration and minimize interference with subsistehants (USFWS 2013). The USFWS’ 2012
Biological Opinion for Oil and Gas Activities indBeaufort and Chukchi Seas prohibited all vessels
from entering the spring lead system between Apahd June 10 of each year (USFWS 2012). With
regard to Criterion 1, EPA’s seasonal restrictiartfer reduces any potential for unreasonable
degradation by removing discharges and activitynftbe sensitive spring lead system during thecetiti
spring migration, feeding, resting, and calvingiger

EPA's selection of the July 1 date is based on nfiactprs, including consideration of the traditibstart
of oil and gas activities in the offshore Arctichiah usually occurs on or after July 1, with adgivi
continuing for approximately 120 days during thempvater (ice-free) season (Shell 2014).

6.1.1. Seafloor Sedimentation

The water-based drilling fluids and drill cuttings¢luding materials from the mud pit cleanup
(Discharge 001), cuttings not associated withidglfluids (Discharge 011), and cement slurry
(Discharge 012) are discharged at the seaflodowrenergy environments within shallower waters,
currents do not play a role in moving depositedemal from the bottom or mixing it into sedimersas,
shown by the modeling results discussed in Se@idnHowever, the deposited materials may be mixed
vertically with natural sediments by physical rgmrssion processes and by biological reworking of
sediments by benthic organisms or marine mamnadsgduging could also mix deposited materials into
seafloor sediments. The relative contribution asthprocesses to sediment mixing has not been
guantified.

6.1.2. Benthic Communities

While the scale and scope of geotechnical surveggelated activities are much less than drillifig o
exploration wells, data from Dunton et al. (200®)estigations at old drill sites were reviewedtfoe
ODCE. Benthic habitats in Camden Bay in the Bed8ea to characterize baseline conditions at the
Sivulliq prospect and recovery at a former explamadrill site (Hammerhead) were investigated. At 4
sites, 10 of which were in the area of the HammemtHfermer drill site, the species composition & th
infaunal community along with density, biomass, atable isotopic composition (C-13 and N-15) were
determined through sediment grab samples. Compeoisesults from the other 35 Sivullig sites te th
10 Hammerhead sites indicated that previous dyiltiativities (which were conducted in 1985) did not
have a measurable impact on the occurrence oritreplacture of the infaunal community after 23ngea

Marine invertebrates were also collected by Batetlal. (2010) in the Burger and Klondike survesea
of the Chukchi exploration area, where exploratialing occurred in 1989, to measure metals
concentrations in tissue. Comparison of metal facséarium, chromium, copper, iron, mercury, lead,
and zinc) concentrations in thetarteclam in the Chukchi Sea, to concentrations in slaoilected in
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the Beaufort Sea in 2008 were not significantlyedént. Concentrations of arsenic, cadmium, mercury
and manganese were significantly higher in craliected in the Klondike survey area than crabs
collected in the Burger survey area. The studyndiddetermine a reason for the difference, but it
suggests that differences in metal concentratiare Wom differences in the water column or food.

Measurable effects on benthic communities haveptential to impact fish resources, particularly
benthic feeders. However, scientific evidence satgthat drilling discharges and cuttings have mino
effects on adult fish health (NMFS 2013, Hurley &liis 2004). Based on these results and the nunber
of projected boreholes, spacing of the boreholes estimated discharges from geotechnical survegs a
related activities (see Section 2.i)s not expected that sedimentation would beigtant or produce
irreversible effects on benthic structure and diitgr

6.1.3. Trace Metals

Several studies have evaluated the solubilityasfemmetals found in barite, a key ingredient ifidg
fluids. Crecelius et al. (2007) evaluated the r&teaf trace components from barite to the marine
environment, including seawater and sediment patervunder varying redox conditions. Solubility of
barium and other metals in barite were tested usecific laboratory conditions, where salinity v&is
ppt; temperature was 40 °F to 68 °F (4 °C and 208 ranged from 7 to 9; and pressure was 14 and
500 pounds per square inch. In containers witlcssawater from the Gulf of Mexico, concentratiofs
cadmium, copper, mercury manganese, and zinc gipduereased through leaching over time. Results
showed that temperature and pressure had litéetedin solubility; however, pH had the greatesaff
on concentrations of mercury and zinc, which inseebas pH increased. When exposed to flowing
seawater (by passing seawater through the consaaer constant rate), at pH 8 for 24 hours, tlease
rate of cadmium, copper, mercury, lead and zineweeatest during the first several hours. Dissblve
concentrations of those metals in the flowing seamnapproached concentrations found in coastal
seawater after 24 hours. The addition of natumihsent, however, reduced the release of metalseto t
static water column compared to barite alone, mithg that organisms living on or near the sediment
would not be exposed to the elevated concentratbdssolved metals. Crecelius et al. also ndieas t
the static experiments are worst-case scenari@ibean open water, natural systems field curramis
diffusion would further dilute metals.

Crecelius et al. (2007) also investigated leachingetals from barite in anoxic sediment. Bariurani
manganese, and zinc were found to be more soluolerwanoxic conditions in pore water, but
concentrations of cadmium, copper, mercury, methytury, and lead were not significantly different
from un-amended sediment. The results suggeshtbtis would form insoluble sulfide minerals under
anoxic conditions, and therefore, would not be dable to benthic organisms.

Neff (2008) used the results from Crecelius e2007) to determine the bioavailable fraction otafe
Neff used a distribution coefficient, which is taetor that predicts partitioning of the metal beén the
solid phase and dissolved in a liquid phase, foheaetal between barite and seawater, and bauite an
pore water. The distribution coefficients indicttat metals (barium, cadmium, chromium, copper,
mercury, lead, and zinc) are more likely to renmaseociated with barite by a minimum of 2.5 ordérs o
magnitude than to dissolve in seawater. Distributioefficients for metals between barite and pore
water, at pH levels similar to the pH of digestikeds of benthic organisms, show that all metdleo
than cadmium were more likely to remain associatigh barite particles. Cadmium was the most
bioavailable metal for bottom-dwelling organismattbould ingest barite particles. Likewise, MacDdna
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(1982) also concluded that metal solubility fronmiteais low according to thermodynamics and that lo
solubility results in metal concentrations are cample to coastal ocean dissolved metal concemtisati

Those studies demonstrate that trace metals asgalgrunavailable to marine organisms in detriraént
concentrations. Furthermore, the studies suggastrdice metal concentrations in a mixture of baaitd
seawater are close to natural coastal concentsatidthough a number of metals precipitate out as
insoluble metal sulfides.

6.1.4. Persistence

Snyder-Conn et al. (1990) studied the persistehtace metals in low-energy, shallow Arctic marine
sediments. In that study, sediment samples welectet! at three exploratory well sites in the sivall
nearshore Beaufort Sea and compared to four cdotrations. Exploratory drilling had occurred at th
experimental sites between 1981 and 1983, and satlsamples were collected in 1985. Samples were
collected at five stations (at approximately 25@n€82-foot) intervals) along three to four trarisec
established at sites where drilling fluids andiog had been discharged. Average sediment
concentrations for aluminum, arsenic, barium, choom lead, and zinc were elevated compared to the
average reference station concentrations. The astiygested that the persistence resulted from poor
dispersion because of the low energy of the mamm&onment in those shallow locations.

Long et al. (1995) applied the sediment guideliioethe concentration samples obtained in the Sayder
Conn study. They concluded that concentrationslioomium, lead and zinc were below the effects
range median, and arsenic was below the effecgerimv. Concentrations below the effects range low
represent a low risk for aquatic toxicity, and #ie@s range median concentration means concemteati
greater than the effects range low, which couldltes adverse effects.

In order to help establish a baseline data sefryfamd Trocine (2009) collected samples at a tofal6
stations in the Beaufort Sea. These included seidad subsurface sediment samples as well as water
samples. Samples were collected at 10 locationstnedormer Hammerhead exploratory well drilled in
1985 and 1986 in the Beaufort Sea, 19 random baakgrstations collected north and south of the
former Hammerhead drill site, 12 locations in theaa of the Sivullig drill site and 5 locations rajoa
possible pipeline corridor. Surface sediment sasiere collected at all 46 locations and analyped f
total trace metals and polynuclear aromatic hyditmmas. Additionally, 19 samples from 4 sediment
cores were analyzed for total trace metals. Resuisate surface and subsurface sediment
concentrations of aluminum, iron, cadmium, mercuanadium and zinc were at background values at
all 10 locations near the former Hammerhead exfoyavell, whereas maximum concentrations of
silver (0.40 micrograms per gram (pg/g)), chromi!85 pg/g), copper (58.3 png/g), lead (49.2 po/gll a
selenium (2.0 pg/g) were above background condemtsaat one surface sediment Hammerhead station.
Sediment concentrations for cadmium, mercury, am silver were all below the minimum
recommended sediment quality guidelines (effeatgedow).

Concentrations of barium were at background lefegld?2 of the 46 stations. However, concentrations
from four surface samples collected within ~100er&bf the former Hammerhead drill site, plus
samples from sediment cores at two stations dotineer drill site contained elevated barium
concentrations. It was concluded that the bariuritkment was most likely due to the presence dtéar
from residual drilling mud and cuttings.

In 2008, a Chemical Characterization Program, apmmant of the Chukchi Sea Environmental Studies
Program, sampled and analyzed baseline concemsatiometals and hydrocarbons in sediments and
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tissues at 34 stations at the Burger survey ar@@8histations at the Klondike survey area. Fivihef
stations in each survey area were at the histadidébites. A total of 80 sediment samples wemnalgzed
for hydrocarbons and metals while a total of 79insminvertebrate samples also were analyzed for
hydrocarbons and metals.

The study also found that all sediment concentnatiaf silver, aluminum, cadmium, chromium, iron,
manganese, and zinc were at background valuesMeowancentrations of barium were elevated at
three sampling sites at the historic drill sitestations approximately 0.2 nautical miles (nminfrthe
original discharge location (Battelle et al. 20IMe study noted slight elevations in concentratioh
lead at two sites, and elevated concentrationgmber and mercury at one site at historic dridsit
which is consistent with the presence of residaaité. Metal concentrations at all sites were mesent
at concentrations higher than the effects rangederived by Long et al. (cited in Battelle et 218).

In conclusion, the relatively high energy curreintdoth the federal waters of Chukchi and Beausaas
are expected to disperse trace metals that couliisbkarged during geotechnical surveys and related
activities. In addition, studies of sediment met@hcentrations in areas where previous exploration
drilling activities occurred—which produce much mgg discharge volumes when compared to
geotechnical activities—show that metal concerdreiare not persistent and decrease to levels below
risk-based sediment guideline concentrations. Kinlaydrocarbons are not expected to be preseat as
result of geotechnical surveys or related actigitithe maximum depth of boreholes drilled under the
Geotechnical GP is 500 feet below the seafloorcivig well above the known depths of hydrocarbon-
bearing zones.

6.1.5. Bioaccumulation

Heavy metals, such as mercury, cadmium, arseniopghm, and lead can bioaccumulate depending on
their chemical speciation. Dissolved metals areemeactive and bioavailable than solid metals.
Therefore, the kinetics of dissolution and preaifin of metals in waters of different hardness and
salinity has a strong influence on the bioaccunmeaind toxicity of the metals to aquatic plantd an
animals (Neff 2010). Existing data are not adeqt@atgiantify the potential bioaccumulation from
exposure to exploratory oil drilling operations.aMable data suggest, however, that because the
bioavailability of trace metals from barite is quibw, the bioaccumulation risks are also expetddie
low (Crecelius et al. 2007; Neff 2008, 2010). Aduliglly, several field studies show that metalwater-
based drilling fluids and drill cuttings are nobavailable (i.e., the extent to which a chemical ba
adsorbed by a living organism) because they ameptalmost exclusively as extremely insoluable
materials (Neff 2010).

Studies conducted with cold-water amphipods evatiittieir absorption of metals when exposure to
water-based fluids for a period of 5 days. In gtatly, Neff removed one-half of the amphipods for
analysis after 5 days of exposure, while the remgihalf were placed in clean flowing seawaterXar
hours. All the exposed amphipods accumulated sanadlunts of copper and lead but not chromium,
mercury, or zinc during exposure. The amphipodsdome of the accumulated copper and lead during
12 hours in clean seawater, suggesting that thenadated metals are released rapidly due to lack of
absorption beyond the external body surfaces (R&ED). That suggests that bioaccumulation of metals
from water-based drilling fluids is low. Neff (20)L6ites bioaccumulation studies conducted by Northe
Technical Services (NTS) in 1981 using speciesgntes the Beaufort Sea, which shows a small amount
of accumulation of chromium and iron in fourhormlgen, and a small amount of iron in saffron codtth
were exposed to mixtures of water-based fluidoatentrations of 4 to 17 percent.
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Table 6-1 lists concentration of metals in Beau8#a amphipods before and after exposure to a 20%
mixture of XC-polymer drilling fluids for five dayand after return to clean seawater for 12 houetad
concentrations are mg/kg dry weight (ppm) (From NLB81 as cited by Neff 2010).

Table 6-1. Concentrations of metals in Beaufort Seamphipods (in ppm)

Exposure Chromium Copper Mercury Lead Zinc
Unexposed 2.7 51 0.07 11.0 123
5 Days 2.7-3.6 8.0-9.3 0.05 - 0.0y 11.8-13.6 107 — 137
> Days & 12 3.0-32 6.9-7.1 0.04-008  102-123 1104-1
Hour Purge

Metals concentrations could occur in the Beaufod @hukchi Seas during discharges of water-based
drilling fluids (if used) to conduct geotechnicakgeying activities, but discharge volumes would be
limited in volume, the metals have low bioavailapito marine organisms. While a small fraction may
be bioaccumulated by marine plants and animalgrandferred through marine food webs, their
concentrations are expected to decrease with egghit¢ step and the concentrations would not be
expected to persist in the environment.

6.1.6. Control and Treatment

EPA utilized best professional judgment to incogtertechnology-based effluent limitations requingd
the ELGs in 40 CFR Part 435, Subpart A, to theldisges of water-based drilling fluids and cuttings
from geotechnical surveying activities. Those Eli@iude an acute (96-hour) effluent toxicity linoit a
50 percent lethal concentrations @)Cof a minimum 30,000 ppm suspended particulatsei&PP) on
discharged drilling fluids. The 30,000 ppm SPP emiation (3 percent by volume) would be lethal to
50 percent of organisms exposed to that concemtrafihat limit is a technology-based control on the
toxicity of drill cuttings and fluids. The 30,00@m SPP limitation is both technologically feasiahe
economically achievable, and it is the best avldlédchnology established nationally (USEPA 1993).
Under the ELG, if SPP concentrations less than0B0ppm result in a L& response, then additives to
drilling fluids would be substituted to ensure ssléoxic discharge.

The Geotechnical GP establishes the ELG limitgrfercury and cadmium concentrations (1 mg/kg and 3
mg/kg, respectively) in stock barite. EPA has dateed that the limitation indirectly controls trevels

of toxic pollutant metals because barite that méetsnercury and cadmium limits is also likely tova
reduced concentrations other metals (USEPA 199®jitnal permit requirements include no discharge
during bowhead hunting activities in the Beauferd £hukchi Seas and no discharge if an oil sheen is
detected. Finally, the Geotechnical GP also induleaquirement to conduct a post-activity
environmental monitoring for boreholes that utilizater-based drilling fluids and where an EMP hais n
been completed pursuant to the Beaufort and Chukqlioration NPDES General Permits. For these
reasons and based on the discussions above apwbtligions included in the Final Permit, it is not
expected that the Geotechnical GP would resulischérges of pollutants in quantities or compositio
that would bioaccumulate or persist in the marimarenment.

ODCE for Oil and Gas Geotechnical Surveys and Related Activities NPDES General Permit 6-7
Final — January 2015



6.2. CRITERION 2

The potential transport of such pollutants by biolaical, physical, or chemical processes.

6.2.1. Biological Transport

Biological transport processes include bioaccunuiah soft or hard tissues, biomagnification, isten
and excretion in fecal pellets, and physical rewayko mix solids into the sediment (bioturbation).
Biological transport processes occur when an osgaupierforms an activity with one or more of the
following results:

An element or compound is removed from the watkmeo

A soluble element or compound is relocated withenwater column

An insoluble form of an element or compound is madlable to the water column
An insoluble or particulate form of an element ompound is relocated

The ODCE supporting the Arctic general permit (AKBBR00) provides a detailed literature review of
bioaccumulation, biomagnifications, and bioturbat{tdSEPA 2006) and updated in this ODCE. While
little information is available to assess the bignification of drilling fluid discharges componentse
study suggests that barium and chromium could bjmifia In an in vitro experiment, the mean barium
level in contaminated sea worms was 22 g/g, wikdheacontrols contained 7.1 pg/g. Chromium levels
were 1.02 pg/g in contaminated worms and 0.62 pngégntrols. In both cases, concentrations in
depurated worms were not significantly differemnfrcontrols (Neff et al. 1984). Trace metals stsidie
indicate a frequent linear correlation between sonpf lead, another metal found in drilling fluid
discharges, by invertebrate and its concentrati@ediments. However, biomagnification of leadds n
likely (Snyder-Conn et al. 1990). Studies on biadagtransport show that depuration (removal of the
organism from the contaminate source) can reducesttarations of contaminants in tissue.

Bioturbation, the process of benthic organisms reimg sediment and mixing surface material into
deeper sediment layers, is another mode of bickbgiansport. Whereas sea worms and other benthic
organisms have the ability to move material locadlpy whales and walrus move tremendous amounts of
sediment in the Beaufort and Chukchi Seas. Nelsah €.994) analyzed feeding pits created by gray
whales and furrows created by walruses. Combimedivto species are estimated to move more than 700
million tons per year of sediment according to entpopulation estimates. The study acknowledges
some limitations in the analysis, but it estimabteg walruses disturb between 24 and 36 percettieof
Chukchi seafloor annually (Nelson et al. 1994).regearch was identified to quantify the extent of

effects resulting from bioturbation of dischargesariated with drilling discharges, particularlpgla

from geotechnical surveys and related activititepagh bioturbation is expected to dilute any ef§eof

the solids component of the discharges.

6.2.2.  Physical Transport

Physical transport processes include currents ngiand diffusion in the water column, particle
flocculation, and discharged material settlinghte seafloor. Pacific Ocean currents dictate thection

of transport in the Arctic Ocean: generally moviragthward from the Bering Sea through the Chukchi
Sea (Weingartner and Okkonen 2001). Flow is diviaedg the near-shore, the Central Channel
(between Herald and Hanna shoals), and the Hermgdh (Woodgate et al. 2005). Spall (2007)
estimates the residence time of water in the Chiukeh to be less than 1 year. Water temperatuter§ac
into the localized effects of mixing and diffusidrhe effect of temperature changes associated with
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large-scale currents are beyond the scope of vaisi@ion. Localized diffusion and mixing of the
discharges covered under the Geotechnical GP mendvy the depth of the receiving water, rate of
discharge, speed of local currents, and deptheobtitfall beneath the surface.

The depth, rate, and method of the individual dasghs influence their physical transport in the
environment. The majority of geotechnical surveyd eelated activities in the Chukchi and Beaufort
Seas would occur in the open water season (ilg.t@d@ctober) and during the winter months when
landfast or bottom-fast ice is present, particylarlithe Beaufort Sea. The Geotechnical GP prahdit
discharges on the ice surface. The water-basduhgrfiluids and drill cuttings, and cuttings not
associated with drilling fluids, would be depositadthe seafloor during open water periods.

EPA’s depositional modeling calculated the deposil thickness of drilling fluids and drill cuttiag
(Discharge 001) at 1-meter, 10-meter, and 100-nuis¢ances from the discharge location based on
certain assumed discharge rates and current spEsle 6-2). Based on a discharge rate of 1,093
gal/day and current speeds ranging from 0.02 t@ 0, the depositional thickness ranges from 1.52
mm to 30.33 mm (0.06 to 1.19 inches) at a 1 m&&feet) distance from the discharge locationl @t
meters (32.8 feet) and 100 meters (328 feet) distafrom the discharge location, and assumingahes
discharge rate and ranges of current speeds,iti@dss of drilling fluids and drill cuttings are48-9.59
mm (0.02-0.38 inches) and 0.15-3.03 mm (0.006-0@8&s), respectively.

Table 6-2. Deposition thickness for combined drilhg fluids and cuttings discharges from
geotechnical surveys

Current Discharge Discharge | Thickness at | Thickness at | Thickness at

Case ID Speed Rate Rate 1m 10m 100 m

(m/s) (gal/day) (cm/s) (mm) (mm) (mm)
1 0.02 322 14.17 E-6 8.94 2.83 0.89
2 0.02 651 28.64 E-6 18.07 5.71 1.81
3 0.02 1093 48.08 E-6 30.33 9.59 3.03
4 0.10 322 14.17 E-6 1.79 0.57 0.18
5 0.10 651 28.64 E-6 3.61 1.14 0.36
6 0.10 1093 48.08 E-6 6.06 1.92 0.61
7 0.30 322 14.17 E-6 0.60 0.19 0.06
8 0.30 651 28.64 E-6 1.20 0.38 0.12
9 0.30 1093 48.08 E-6 2.02 0.64 0.20
10 0.40 322 14.17 E-6 0.45 0.14 0.04
11 0.40 651 28.64 E-6 0.90 0.29 0.09
12 0.40 1093 48.08 E-6 1.52 0.48 0.15

Resuspension or deposition processes tend to neantthe seafloor with some particles graduallngei
dispersed by currents and waves (Hurley and Bl#iZited in MMS 2007). Regional and temporal
variations in physical oceanographic processesddtarmine the degree of initial dilution and waste
suspension, dispersion, and drift, have a largaénte on the potential zone of influence of disghd
materials.

Ice gouging occurs by sea ice grounding againsseééoor occurring highest in the stamukhi iceezon
The amount and effect of ice gouging activity ie #irea of Coverage is not well documented; however,
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a study in the Beaufort Sea shows that ice gougliangs a greater role in the reworking of bottom
sediments than depositional processes. The deepestdepth where ice gouging has been observed in
the Canadian Beaufort Sea is 38 m. Ice gouge suatyin the Chukchi Sea are sparse (MMS 2008).
Reimnitz et al. (1977) found that portions of edstarea experienced a complete reworking of sedsnen
to a depth of 20 centimeters (7.9 inches) over-g€z0 period. Ice gouging is not expected to play a
substantial role in the transport of sedimentsltesufrom discharges authorized under the Geoteethn
GP because of the relatively small volumes anadtsan depths and current speeds at the locatidhse of
expected discharges would contribute to quick da&pe of the discharges.

6.2.3.  Chemical Transport

Chemical processes related to the discharges eugtigbolution of substances in seawater, complexfing
compounds that might remove them from the watarroal redox/ionic changes, and adsorption of
dissolved pollutants on solids. Chemical transpbwtater-based drilling fluids is not well describi@

the literature. However, despite limitations in niitative assessment, some studies of other related
materials suggest broad findings that are relevidrise studies show that chemical transport wiktmo
likely occur through oxidation/reduction reactiansiative sediments, and in particular, changeasdox
potentials will affect the speciation and physidiatribution (i.e., sorption-desorption reaction§)vater-
based drilling fluid constituents.

6.2.3.1. Metals

Most research on chemical transport processestiaffeaffshore oil and gas discharges focuses aetra
metal and hydrocarbon components. The water-badédgifluids associated with geotechnical surveys
include seawater, viscosifier, and barite. Bentoalays are generally used to provide viscosity to
suspend barite and cuttings, as well as for fiiratontrol (Neff 2010). Barite is a weighting agémat
contains several metal contaminants, includingracseadmium, lead, mercury, and zinc. Those trace
metals are discussed below as they pertain to da¢tnansport processes.

Trace metal concentrations are elevated in the €tilkea compared to those in the eastern Arctic
Ocean; it is thought that the naturally elevatedcemtrations are from Bering Sea water that passes
through the Chukchi Sea (MMS 2008).

Barite solubility in the ocean is controlled by théfate solubility equilibrium. And in particulathe
calculated saturation levels for barium sulfateéawater range from concentrations of 40 to 60
micrograms per liter (ug/L) at temperatures from@®45 °F (Houghton et al. 1981; Church and
Wolgemuth 1972). Background sulfate concentratinrseawater are generally high enough for
discharged barium sulfate to remain on the seafipon discharge.

Kramer et al. (1980) and MacDonald (1982) found semwater solubilities for trace metals associated
with powdered barite generally result in concerdgreg comparable to coastal ocean dissolved metal
levels. Exceptions were lead and zinc sulfidesctvicbuld be released at levels sufficient to raise
concentrations in excess of ambient seawater leMelsDonald (1982) found that less than 5 percént o
metals in the sulfide phase are released to seavzitesr trace metals are associated with the metal
sulfides inclusions in the barite solids (Neff 2D08eff (2008) estimates partitioning coefficieliise

ratio of concentrations of a substance in two sgpatomponents of a mixture) for metals betweeitebar
and seawater, which suggest that cadmium and zene the most soluble metals in seawater; however,
those metals were still relatively unavailable vilik likelihood of the dissolved fraction being ng2.5
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orders of magnitude more likely to be associatead Warite solids than dissolved, therefore notlabée
for chemical transport.

Dissolved metals tend to form insoluble complexesugh adsorption on fine-grained suspended solids
and organic matter, both of which are efficientverayers of trace metals and other contaminants.
Laboratory studies indicate that a majority of &racetals are associated with settleable solidsiemal
than 8 micrometers (Houghton et al. 1981).

Trace metals, adsorbed to clay and silt partiohessettling to the bottom, are subject to different
chemical conditions and processes than metals sdsgen the water column. Adsorbed metals can be in
a form available to bacteria and other organisnas # clay lattice edge or at an adsorption situititon

et al. 1981). The water-based drilling fluids disdes from geotechnical surveying activities, whsed,

are expected to occur at small volumes, be shortite duration and conducted intermittently, ane th
majority of the trace metals are expected to adspfine sediment particles and remain settledhen t
seafloor.

There is particular concern about mercury in ArotiErine food webs; however, there is no evidenae th
mercury concentrations in the Arctic is coming fronshore or offshore oil and gas operations (Neff
2010). Concentrations of total and methylmercugytdgh in liver and muscle tissues of several naarin
mammals collected off Barrow, AK, as summarized able 6-3. Fish and mammal-eating marine
carnivores, such as polar bears, beluga whaless@nd seals, contain high concentrations of totdl a
methylmercury in liver tissue, with lower concettitvas in muscles and other organs. Bowhead whales
do not bioaccumulate high concentrations of merbegause they feed at a lower trophic level orelarg
copepods and euphausiids, which contain low coratons of methylmercury (Neff 2010).

Table 6-3. Concentrations of total mercury and mdtylmercury in muscle and liver of marine mammals
collected off Barrow, Alaska. Concentrations are nigy dry weight, converted from wet weight by
multiplying by 5 (Dehn et al. 2005, 2006a,b, as eid by Neff 2010).

Species Tissue Total Mercury Methylmercury
Polar BealUrsa maritimus Liver 7500 - 272,000 No data
Ringed SeaPussa hispida l\ﬂ?vs::e 35000--552’?:000 28 : éggg
Beluga WhaleDelphinapterus leucus l\:ljvs;:rle 1328 2225880 255% 1123%%
Bowhead WhalBalaena mysticetus MLliJVS::e 5< 5 3(%)0 m?) ?j(:[;

6.2.3.2. Organics

Organic substances, such as oil and grease otqetrdiydrocarbons, are not expected to be present i
the marine environment as a result of dischargea fjeotechnical surveys and related activities. The
Geotechnical GP does not apply to geotechnicalities greater than 500 feet below the seafloor
surface, which is well above the known hydrocarbearing zones in the Beaufort and Chukchi Seas.
The Geotechnical GP also requires waste streamgrktehave potentially oily wastes, such as deck
drainage and bilge water to be treated with anvatler separator prior to discharge. Dischargestihat
an oil sheen are prohibited. Effluent limits andnibaring requirements are also established for all
discharges.
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6.3. CRITERION 3

The composition and vulnerability of the biologicalcommunities that might be exposed to
such pollutants, including the presence of uniquepgcies or communities of species, the
presence of species identified as endangered or #atened pursuant to the Endangered
Species Act, or the presence of those species catito the structure or function of the
ecosystem, such as those important for the food dha

6.3.1.  Water Column Effects

The solid component of water-based drilling fluedal cuttings (001), cuttings not associated with
drilling fluids (011), and cement slurry (012) axet expected to contribute significantly to turlbydn

the water column as the discharges occur at thiweeaSection 3.4 summarizes the estimated tha afe
seafloor that might be covered with drilling fluidsd drill cuttings given different assumed rate of
discharge and current speeds.

Miscellaneous discharges from stationary vesseaidwtting geotechnical surveys and related actgvitie
are not expected to cause effects within the watkeimn as concentrations in the effluent are lichiteor
example, discharges of sanitary waste water must quality and technology-based effluent limits for
fecal coliform bacteria, total residual chloriné{,fgotal suspended solids, and biochemical oxygen
demand. The requirements and limitations estaldigihéhe Geotechnical GP ensure protection of the
receiving water quality within the water column.

6.3.2. Benthic Habitat Effects

Solids in the discharges of water-based drillingd$ and cuttings (001), cuttings not associated wi
drilling fluids (011), and cement slurry (012) wdwccumulate on the seafloor near the activitytlona
(see Table 6-3). The extent of solids accumulationld vary depending on the diameter and depths of
the geotechnical boreholes and on the nature aedtesf the related activity. It is possible thanthic
communities (algae, kelp, invertebrates) wouldrbgdcted near the immediate areas of discharge.

Drilling fluid (if used) and cuttings deposition Mot result in significant discharges to the $aaf.
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Table 6-4 summarizes the amount of water-basekhdrfluids and drill cuttings discharged for each
borehole, based on average size borehole dianaetdrthree general depths of each borehole. The
estimates include a conservative assumption thegrvased drilling fluids would be used to collaltt
boreholes during the open water season.

ODCE for Oil and Gas Geotechnical Surveys and Related Activities NPDES General Permit 6-13
Final — January 2015



Table 6-4. Summary of water-based drilling fluidsand drill cuttings produced per borehole, by depth

(AOGA 2013).
Cuttings and Drilling Fluids Discharged! per Borehole by Depth
Drill Borehole Depth: 50 feet Depth: 200 feet Depth 500 feet
Seasor| Diameter* Cuttings ?::'JIIQS% Total | Cuttings DFTIIJ:SS Total | Cuttings [l):rllﬂ:gg Total
Open 7 inches 11 # 22 f8 3318 48 ft 89 ff 13718 | 1241 223 f¢ 347 f8
WA [ ginches | 15 | 2216 | 3716 | 64f6 | 891 | 1541 | 165 | 223ff | 3881
9 inches 20 ft 23 f¢ 43 ft 85 ft 89 ff 17418 | 2131 223 f¢ 437 ¢
On-Ice 8 inches 15# -4 15 f 65 f3 -- 65 f 166 & -- 166 fé

1 Conversion: 1 cubic foot fft= 7.480 U.S. gallons.

2 Borehole diameters range between 4 and 12 inctnés tdble reflects discharge volumes for an avesagediameter
borehole.

3 Drilling fluids are not expected to be used forddwles drilled at 50 feet or less below the seafturface; however, the
volumes are included here to provide estimatescserft to cover all possible scenarios.

4 Water-based drilling fluids are not expected taibed for this activity.

Lethal and sub-lethal adverse effects on bentlgjardsms could potentially result from burial unthex
accumulated materials within a short distance ftioenindividual geotechnical borehole. Due to thersh
duration of geotechnical borehole drilling and rethactivities (i.e., 1-3 days per borehole; 7-aysdoer
equipment testing event), the relatively small wads of drilling fluids (if used) and cuttings geated
when compared to exploration well drilling, the egfed areas of deposition and thickness, and the
distances between geotechnical and related aesyitenthic habitat effects are likely to occuain
limited area and the extent and durations of effact expected to be short-term.

6.3.3. Threatened and Endangered Species

Eight threatened and endangered species occue isrfa of Coverage: two avian species (spectacled
eider, and Steller’s eider), three cetacean sp@e@shead, fin, and humpback whales), two pinnipeds
(bearded and ringed seals) and one carnivore (pek). The Pacific walrus is a candidate spedies.
potential effects on these species include behavotyanges resulting from noise, vessel activitg a
potential limited exposure to contaminants. Thed®keloped in support of the permit addresses the
potential impacts associated with geotechnicalestgnand related activities. As discussed undeefiit
1, bioaccumulation within prey is not expected ¢odln exposure pathway to those species. On the basi
of the transient use of the area by the speciedirtiited areal extent of the potential impacts] tre
overall mobility of the species, impacts from getigcal surveys and related activities will not &au
unreasonable degradation of the marine environment.

6.4. CRITERION 4

The importance of the receiving water area to thewsrounding biological community,
including the presence of spawning sites, nurseryffage areas, migratory pathways, or areas
necessary for other functions or critical stages ithe life cycle of an organism.

The Area of Coverage provides foraging habitaefoumber of species including marine mammals and
birds. Bowhead whale migrations occur through théfseastern portions of the area by following open
water leads generally in the shear zone as thermom the Bering Sea to the Beaufort Sea in the
spring. Participants in the traditional knowledgerkshops in Barrow identified an important bowhead
feeding habitat area in the Beaufort Sea area mditie barrier islands, Cooper Island, Nuwuk,
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Tulimanik Island and the area northeast of BarrSREB&A 2011). The importance of habitat for beluga
feeding areas closer to shore and concentratedgnu& Bay, Smith Bay, the Big Colville River, and
Elson Lagoon were noted as well as the importahbalaitat and migratory paths in Simpson Cove,
Camden Bay, Kaktovik Lagoon, Bernard Harbor, Griffioint and Demarcation Bay for beluga,
bowhead, orca, narwhal, and gray whales (SRB&A 20IHie spring migration of bowhead whales
would generally be over before the discharges fgewtechnical activities begin, the earliest of whic
would occur in July. Bowhead whales traverse bhobugh the area in the fall at greater distanaas fr
shore with their path crossing through the actezsées (see Figures 6-1 and 6-2). Fin whales feed
throughout the Chukchi Sea during the summer moatti®ough little is known about their migratory
pathways.

The ice patterns are a major determinant of thigilolision of marine mammals in the Area of Coverage
The importance of pack ice (which extends polewdest ice (which is attached to shore), and the fl
zone or leads, (between the pack and fast ice calted the spring lead due to its seasonal
characteristics) changes over the course of the Peéar bear dens are found near fast ice andipack
Fast ice provides optimum habitat for ringed samldonstruction and supports the most productive
pupping areas. While geotechnical surveying a@tiwimay occur during the winter months when lartdfas
ice is present, the Geotechnical GP prohibitsiatiftthrges onto ice.

The Geotechnical GP prohibits all discharges withen3-25 nautical mile corridor in the Chukchi Sea
prior to July 1. As discussed above, the sprind Batem occurs within the Area of Coverage, most
prominently along the coast between Point HopeRuoidt Barrow. Each spring, beginning in March until
June, bowhead whales use the spring leads to mifycanh their winter grounds in the Bering Sea ®&irth
summer grounds in the Canadian Beaufort Sea. Hmisgis also an important calving and feeding
period. The spring lead system also provides ingmbhabitat for beluga whales and other marine
mammals such as seals species, and coastal anterbads. The seasonal restriction ensures that the
discharges would not have the potential to interfeith the migration, feeding and calving acti\stigr
affect the habitat areas within the deferral area.

Macroalgae, including kelp beds are important labitor various fish species within the Area of
Coverage. Areas of concentrated macroalgal grawghitave been identified include Skull Cliff and an
area approximately 25 kilometers (13.5 nmi) sousitveé Wainwright in water depths of 11 to 13 meters
(36 to 43 feet).

Larger river systems and estuaries provide impbdgpawning and rearing areas for anadromous fishes.
Most marine species spawn in shallow coastal ateasg the winter. Shallow coastal areas, barrier
islands, and offshore shoals provide rich bentkéding habitat for whales, seals, walruses and othe
species, as well as marine birds and waterfowlll@a@oastal areas and barrier islands are located
outside the Area of Coverage for the Geotechni¢al G

Designated critical habitat (molting areas) forctpeled eider in the Area of Coverage includes bedly
Bay within 40 nmi from shore (see Figure 6-3). Thgion surrounding Barrow has been identified as
being important to the survival and recovery of Mtaska-breeding population for Steller’s eiders;
however, that area is not designated as critidaitdta Seasonal bowhead whale migration routes also
occur within the Area of Coverage. On January 00,32the U.S. District Court for the District ofasdka
issued an order vacating and remanding to the USE#&®ecember 7, 2010 Final Rule designating
critical habitat for the polar bear. Thereforethag time, there is no critical habitat designdtmathe
polar bear littp://www.fws.gov/alaska/fisheries/mmm/polarbesa/@tn).
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EPA'’s inclusion of the Chukchi Sea spring lead esysseasonal restriction ensures protection for this
important environment and the many ecological sesvit provides during the critical spring migratio
period. With regard to Criterion 4, by not authorgany discharges within the 3-25 nautical mile
deferral corridor in the Chukchi Sea prior to JU\ePA ensures that the potential for unreasonable
degradation of biological communities, migratoryipeays, and sensitive habitat areas is avoided. See
also Section 6.1. of the ODCE.
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Figure 6-1. Seasonal bowhead whale migration routén the Chukchi Sea.
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Figure 6-2. Seasonal bowhead whale migration routén the Beaufort Sea.
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Figure 6-3. Designated critical habitat areas inte Chukchi Sea.
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6.5. CRITERION S

The existence of special agquatic sites includingubnot limited to, marine sanctuaries and
refuges, parks, national and historic monuments, nt#gonal seashores, wilderness areas, and
coral reefs.

No marine sanctuaries or other special aquatis,sit®defined by 40 CFR 125.122, are in or adjacent
the Geotechnical GP Area of Coverage. The negpesia aquatic site—the Alaska Maritime National
Wildlife Refuge (Chukchi Unit)—is approximately ®diles to the southeast of the Chukchi Sea. The
refuge provides habitat to a number of arctic geladpecies and encompasses shoreline areas frdim sou
of Cape Thompson (located approximately 26 miletéosoutheast of Point Hope) to Cape Lisburne. No
other marine sanctuaries or other special aquitédis are in or adjacent to the Area of CoveragseBa

on the analysis of Criteria 1, 2, and 3, the Alagkaitime National Wildlife Refuge would not be

affected by authorized discharges.

The NHPA requires federal agencies to ensure thaagency-funded and permitted actions do not
adversely affect historic properties that are ideliiin the National Register of Historic Placethat
meet the criteria for the National Register. Th@®ehnical GP requires a baseline site characteniza
at each location or submission of existing, repredé/e baseline data. Information gathered froe th
baseline site characterization or existing dathagisist EPA with compliance with Section 106 & th
NHPA and ensure potential historic properties areaffected by the permit.

6.6. CRITERION 6

The potential impacts on human health through diretand indirect pathways.

Human health within the North Slope and Northwestti& Boroughs is directly related to the subsisgen
lifestyle practiced by the residents of the villagdong the Chukchi and Beaufort Sea coasts. litiaald

to providing a food source, subsistence activaigsport important cultural and social connectidikbile

a wide variety of species are harvested, marinemmeamcompose an essential part of the diet progidin
micronutrients, omega-3 fatty acids, and anti-imitaatory substances (MMS 2008). A number of studies
have documented the increase in adverse healittefieth the reduction in subsistence foods and
subsequent increases in store-bought food (MMS 2008

Exposure to contaminants through consumption ofisténce foods and through other environmental
pathways is a well-documented concern. Concerralsasbeen expressed over animals swimming
through plumes containing drilling fluids, cuttingsd other effluent (SRB&A 2011). Concerns have
also been voiced about krill and other small spgetE&ing up drilling fluids and then passing
contaminants up the food chain (SRB&A 2011).

O'Hara et al. (2006) reported on the essentiahamdessential trace element status of eight bowhead
whale tissue samples that were collected durin@2P003. This study focused on comparing whale
tissue metal concentrations to published nationdliaternational food consumption guidelines. Using
these guidelines, calculations of percent (%) Renended Daily Allowance of essential elements in 100
g portion of bowhead tissues were provided. Reswdte also compared to element concentrations from
store purchased food.

Three non-essential metals important for toxicatabassessment in the arctic food chain include
cadmium (Cd), mercury (Hg), and lead (Pb). For napostic residents Hg is a major concern in fish and
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seals. However, Hg concentrations in bowheadsedaévely small compared to other marine mammals,
and are below levels used by regulatory agenciesiéoketed animal products. Compared to other
species of northern Alaska, bowhead whale tissogples from this study had similar or lower
concentrations of Hg. Liver and kidney are riclegsential and non-essential elements and have the
greatest concentration of Cd among the tissuesestihile Hg, Pb, and arsenic (As) are relatively.
The kidney of the bowhead whale is consumed in imemyed amounts (limited tissue mass compared to
muscle ananaktak);and liver is consumed rarely.

The study concluded that, as expected, most digbees from bowhead whales used as foods ar@rich
many elements, with the exception of blubber. Whileroad range of Cd was found in kidney and liver
samples, data is lacking with respect to bioavditglof Cd and the effects of food preparation
techniques on Cd concentrations. Lastly, the bodlisaues studied had element concentrations simila
to those found in store-bought meat products.

Species of interest from a subsistence standperg)gected to spend minimal amounts of time, yf an

in the plume for miscellaneous discharges becalige @pid dilution (see Section 3.4.3). Additidlga
since the discharges of water-based drilling fladd drill cuttings will occur at the seafloor, pnl
localized and short-term physical effects to beng@mmunities are expected. The Geotechnical GP als
prohibits the discharge of drilling fluids and dduttings during spring and fall bowhead whale ting
activities and requires baseline site characteozatt each location or submission of existing,
representative baseline data, and post-activitjr@mwental monitoring for activities that utilizeiding
fluids. Based on the preceding discussions, thehdigies under the Geotechnical GP are unlikely to
create pathways that could result in direct orriectihuman health impacts.

6.7. CRITERION 7

Existing or potential recreational and commercial fshing, including finfishing and
shellfishing.

The Arctic Management Area, as it pertains to fildsemanagement, covers the Beaufort and Chukchi
Seas from the Bering Strait north and east to gmea@ian border (NPFMC 2009). The Northwest Pacific
Fishery Management Council developed a fisheriasag@ment plan (FMP) for fish resources in the
Arctic Management Area in 2009. The FMP governsathmercial fishing including finfish, shellfish,
and other marine resources with the exception offieadalmon and Pacific halibut (NPFMC 2009). The
policy prohibits commercial fishing in the areaiustfficient information is available to enable a
sustainable commercial fishery to proceed (74 FR38% The FMPs applicable to salmon and Pacific
halibut fisheries likewise prohibit the harvestlodse species within the Arctic Management Area.
Amendment 29 of the Bering Sea/Aleutian Islandsgkand Tanner Crabs FMP prohibits the harvest of
crabs in the area as well (74 FR 56734). Becausenawcial fishing is not permitted in the area, that
aspect of Criterion 7 would not be affected bydiseharges authorized under the permit.

The Magnuson-Stevens Fishery Conservation and Memeigt Act (January 21, 1999) requires EPA to
consult with the NMFS when a proposed dischargdahmapotential to adversely affect (reduce quality
guantity or both of) EFH. EPA has determined, basethe EFH assessment, that the discharges will no
adversely affect EFH.

Subsistence fishing, defined as, “noncommercialgitierm, customary and traditional use necessary to
maintain the life of the taker or those who depepdn the taker to provide them with such subsigtgnc
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is not affected by the FMP (50CFR216). The mostmeésubsistence data (ADF&G Subsistence
Community Profile Database) for North Slope Boroegmmunities indicate that subsistence fishing
occurred in the past (and might be ongoing) withtiarvest of salmon species, flounder, cod, andt.sme
Considering that the discharges would meet fedeagdr quality along with the findings presented for
Criteria 1 through 4, EPA does not anticipate sigant adverse direct or indirect effects resultiram

the authorized discharges on subsistence fishing.

6.8. CRITERION 8

Any applicable requirements of an approved Coastafone Management Plan.

The Alaska Coastal Management Program expired oa 30, 2011. As of July 1, 2011, there is no
longer a CZMA program in Alaska. Because a fedgirghproved CZMA program must be administered
by a state, the National Oceanic and AtmospherimiAigtration withdrew the Alaska Coastal
Management Program from the National Coastal Mamagé Program. See 76 FR 39,857 (July 7, 2011).
As a result, the CZMA consistency provisions atil8.C. 1456(c)(3) and 15 CFR Part 930 no longer
apply in Alaska. Accordingly, federal agencies modonger required to provide Alaska with CZMA
consistency determinations.

6.9. CRITERION9

Such other factors relating to the effects of theidcharge as may be appropriate.

6.9.1. Environmental Justice

EPA has determined that the discharges authorigéldebGeotechnical GP will not have a
disproportionately high or adverse human healtbrmironmental effects on minority or low-income
populations living on the North Slope, Northwest#g, and Bering Sea. In making that determination,
EPA considered the potential effects of the disgésion the communities, including subsistence areas
and the marine environment. EPA’s determinatidoeised on the Environmental Justice analysis for the
Beaufort and Chukchi Exploration NPDES General Rsr(®ctober 2012) while taken into
consideration the much smaller scale of geotechaaté&vities. EPA’s evaluation and determinations a
discussed in more detail in the EJ Analysis forBeaufort and Chukchi Exploration NPDES General
Permits. Since the EJ Analysis evaluated and cereildthe potential impacts to the same communities
from similar discharges, EPA believes the EJ Analisalso relevant for the Geotechnical GP.
Consistent with the EJ Analysis, EPA has conclutiadif the Geotechnical GP is protective of Inapia
subsistence resources, then it is protective okaltlents on the North Slope, Northwest Arctial an
Bering Sea communities as they rely on the samenmagsources.

Executive Order 12898 titleéederal Actions To Address Environmental Justicglimority Populations
and Low-Income Populations stat@s part, that “each Federal agency shall makeeair

environmental justices part of its mission by idigimig and addressing, as appropriate,
disproportionately high and adverse human healgneironmental effects of its programs, policies] a
activities on minority populations and low-incomepplations . . . .” The order also provides thaefal
agencies are required to implement the order clamgisvith and to the extent permitted by existiagy.|

In addition, EPA Region 10 adopted Msrth Slope Communications Protocol: Communications
Guidelines to Support Meaningful Involvement ofNloeth Slope Communities in EPA Decision-Making
in May 2009. Consistent with the order and ageraticigs, EPA has taken efforts to provide tribal
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entities and North Slope, Northwest Arctic, andiBgiSea communities with information about the
Geotechnical GP development process, and to sinadtssly seek early input into the EPA evaluations.

The Geotechnical GP implements existing water pioliuprevention and control requirements to ensure
compliance with CWA requirements, including prevegtunreasonable degradation of the marine
environment. As discussed in this ODCE, EPA evalisihe potential for significant adverse changes in
ecosystem diversity, productivity, and stabilitytieé biological communities within the Area of
Coverage.

This ODCE evaluates the potential for bioaccumaigtpollutant transport, and significant adverse
changes in ecosystem diversity, productivity amatbiity of biological communities in the Area of
Coverage. The ODCE also evaluates environmentgihifcant or sensitive areas that are necessary fo
critical stages of marine organisms, the rolede$é areas in the larger biological community &ed t
vulnerability of these areas to potential dischargdne ODCE further evaluates the potential fos lofs
esthetic, recreational, scientific and economici®a) and impacts to recreational and commerclaihfis
Each of these criteria relate directly to conceaised regarding availability of subsistence resesy
potential bioaccumulation and food tainting, hurhaalth, and overall species impacts. Overall, based
the analysis in the ODCE, the geotechnical surngeglincharges authorized will not result in adverse
impacts under each of these criteria, as defineth&yWA.

The ODCE also evaluates the threat to human htéatiigh the direct physical exposure to discharged
pollutants and indirect threats through consumptibaquatic organisms exposed to pollutants
discharged under the Geotechnical GP. Human hisadtinectly related to the subsistence practices of
native communities. Subsistence areas and relateissence activities provide food and supportucalt
and social connections. EPA considered the infaonaibtained from residents and participants in the
Traditional Knowledge workshops (conducted duriegelopment of the Beaufort and Chukchi
Exploration NPDES General Permits) related to thegp®rtant factors. These factors were a part ef th
overall evaluation framework of this ODCE and theo€&chnical GP development processes. Based on
the input received, EPA included provisions, reguients, and restrictions in the Geotechnical GP to
ensure impacts would not occur through direct diract pathways. Additionally, under the CWA, EPA
has the authority to make modifications or revokenit coverage if it identifies a basis to concldiaat
discharges will cause an unreasonable degradatibie anarine environment.

The following are the permit terms and conditidmet taddress the issues and concerns resultingtfrem
EPA’s community outreach efforts, and have alsmbeeorporated into the Geotechnical GP:

1. Prohibit all discharges (Discharges 001-012) witha 3-25 nautical mile corridor in the
Chukchi Sea prior to July 1. This seasonal regirids unique to the Geotechnical GP because,
unlike the Beaufort and Chukchi Exploration Gen&aimits, the Area of Coverage for
geotechnical surveys and related activities inddutie lease sale deferral area in the Chukchi
Sea.

2. Prohibit the discharges of water-based drillingdduand drill cuttings (Discharge 001) to federal
waters of the Chukchi Sea during the spring bowtneeding activities, starting on March 25.
The spring bowhead whale hunting restriction igjurito the Geotechnical GP because the area
of coverage includes the 3-25 nautical mile leade deferral area in the Chukchi Sea, in which
bowhead whale hunting activities occur.

ODCE for Oil and Gas Geotechnical Surveys and Related Activities NPDES General Permit 6-23
Final — January 2015



3. Prohibit the discharges of water-based drillingdguand drill cuttings (Discharge 001) to federal
waters of the Beaufort Sea during the fall bowheaating activities, starting August 25. Under
prohibitions 2 and 3, discharges may not be resumétibbowhead whale hunting has been
completed by the respective villages.

4. Include chemical additive inventory and reportieguirements, with reporting and limits on
chemical additive concentrations.

5. Incorporate environmental monitoring requiremeht tnclude collection of baseline site
characterization data for each location, or subionissf existing, representative baseline data for
all geotechnical surveys and related activitiesfions, and post-activity monitoring when water-
based drilling fluids are used.

6. Require effluent toxicity characterization of tlutldwing waste streams if chemicals are added to
the system: deck drainage (Discharge 002), desalimanit wastes (Discharge 005), bilge water
(Discharge 006), boiler blowdown (Discharge 00ifg €ontrol system test water (Discharge
008), and non-contact cooling water (Discharge 009)

7. Prohibit the discharge of all waste streams (Diegds001-012) to stable ice. Concerns raised
through Traditional Knowledge workshops includegmtial direct contact by marine mammals,
birds, and possibly humans regarding dischargésetice surface. Several workshops
participants expressed concerns that on-ice digesawould have an adverse effect on seals
since they are present year round.

Additionally, the Geotechnical GP includes a primngo monitor for potential deflection of marine
mammals during periods of discharge of non-corgaoting water. Non-contact cooling water is
anticipated to be the largest-volume discharge utdeGeotechnical GP and could cause avoidance
behavior in marine mammals because of temperatareases in the vicinity of the discharge. Any
observations of potential marine mammal deflectioring discharge of non-contact cooling water must
be reported in the following month’s Discharge Moring Report. The intent of this provision is to
gather information to inform future decisions reatjag potential deflection of bowhead whales thay ma
result from of non-contact cooling water discharge.

In summary, EPA carefully considered the potemralironmental justice impacts related to the
Geotechnical GP’s authorized discharges, espedralyotential for disproportionate effects on
communities and residents that engage in subsistartivities. Based on EPA’s analysis and the germi
conditions described above, EPA has determinedhkadischarges authorized by the Geotechnical GP
will not cause unreasonable degradation of themaanvironment, as defined by the CWA. For similar
reasons, EPA concludes that that there will beisyrdportionately high and adverse human health or
environmental effects on minority or low-income ptgdions residing on the North Slope, Northwest
Arctic, and Bering Sea communities.

6.9.2. Combined Effects with Exploration Discharges

The discharges proposed to be authorized undé€elotechnical GP are similar to the discharges from
exploration activities, but at lower volumes. Sidkigcharges from geotechnical surveys and related
activities may occur within the same geographiasuas exploration well drilling, this ODCE evalusate
the potential effects from the combined dischatgemnsure unreasonable degradation does not occur.
Table 6-5 compares anticipated discharge volunms feotechnical surveying activities with discharge
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volumes evaluated for the Chukchi Exploration NPOESeral Permit (AKG-28-8100). The discharge
volumes for geotechnical surveying activities arespnted as per shallow and deep borehole, assvell
estimated activity level of 100 boreholes per yadederal waters. The discharge rates are based on
maximum pumping capacity of the units associatall each waste stream; actual discharges are
expected to be at lower volumes. The estimatedhgsttlischarges from geotechnical related actwitie
are captured in Discharge 011.

Table 6-5. Estimated discharge volumes of wastereams associated with geotechnical surveys per bdrae
and per year compared with discharges associated thia single exploration well in the Chukchi Sea.

Estimated Estimated Estimated Discharge
Discharge Estimated Discharge Discharge Volumes’ per
Volume! per Volume? per Deep Volumes per Exploration Well® in
Shallow Borehole Borehole Year? the Chukchi Sea

Discharge U.S. Liquid Gallons (gal) gal/Well
Water-based drilling
fluids and drill 7,000 21,006 1,232,008 741,378
cuttings (001)
Deck drainage (002) 2,000 6,000 352,000 61,740
Sanitary wastes (003) 2,473 7,418 435,186 67,199
E()J%rz)es“c wastes 21,000 63,000 3,696,000 700,009
Desalination unit 109,631 328,892 19,294,977 846,713
wastes (005)
Bilge water (006) 3,170 9,510 557,927 42,000
Boiler blowdown
(007) N/A - - 16,380
Fire control system
test water (008) 2,000 6,000 352,000 6,594
Non-contact cooling 2,726,234 8,178,703 479,817,254 197,398,473
water (009)
Uncontaminated
ballast water (010) 504 1,512 88,704 4,829,963
Drill cuttings not
associated with N/AL - - --
drilling fluids (011)°
Cement slurry (012) 1 3 114 42,000
1 Source: Shell's NPDES Permit Application Form 2®iiA3, 2013) and L. Davis (personal communicatidngust 7, 2013).
2 Source: AOGA Geotechnical Activities Informationpea (5/14/2013 and Revised 9/17/2013)
3 Shallow boreholes: Depth50 feet
4 Deep boreholes: Depth > 50 an&00 feet
5 Source: ODCE for the Chukchi Exploration Generahiie(AKG-28-8100, USEPA 2012b)
6

Two to three exploration wells could potentially cmmpleted in one open water drilling season with well completed

between 30 and 45 days.

7 Discharged at the seafloor and may include mudlpénup materials. As a conservative estimate, &%umes all 100
boreholes would utilize water-based drilling fluidghich would result in approximately 4,800 galla@isnud pit materials
discharged per year.

8 Conservative estimates that include entrained seawad do not account for boring sample removal.

ODCE for Oil and Gas Geotechnical Surveys and Related Activities NPDES General Permit 6-25
Final — January 2015



9 For purposes of comparison, this volume repredeistsharge 001 (water based drilling fluids andl drittings) and
Discharge 013 (muds, cuttings and cement at thitoseaunder the Chukchi Exploration NPDES Gené&rafmit (AKG-28-
8100).

10 Discharge 011 includes the cuttings materials gead from geotechnical related activities. Fopases of the ODCE, EPA
assumes one equipment feasibility testing actiwibyld result in a seafloor disturbance of approxehahalf of a typical
mudline cellar dimension, generating a total ofragpnately 235,000 gallons of cuttings materialandobe discharged
during the 5-year permit term.

11 Discharge 011 may also include cuttings from sivabhoreholes. While the majority of shallow boredsimay not use water-
based drilling fluids, to provide a conservativéraate, EPA assumes drilling fluids would be used the volumes are
captured above under Discharge 001.

While exploration activities occur within activeake locations, geotechnical surveys and relatédtees
may occur within the lease locations as well aasibetween the leases and shore. While it is gessib
that an exploration well and geotechnical surveydr@lated activities could occur within the saeeske
area (each lease block is the size of 3 square)nitas unlikely that they would occur at the satime.
For example, geotechnical surveying would occuestain lease locations to evaluate the stabifithe
subsurface for potential placement of a jack uprigr to the actual exploration activity. Simikarthe
feasibility testing of mudline cellar equipment(j.geotechnical related activities) would be catel
prior to the technology being used for construcbba mudline cellar at that location in support of
exploration activities.

Also, as discussed in Section 2.1, the spacingefjeotechnical survey boreholes will vary, witmso
as close as 10 to 15 feet apart to others as 22,880 feet apart, depending on the specific guialse
geotechnical activity (i.e. jack up rig spud carpipeline). Approximately 10 geotechnical boringsiicl
be conducted in federal waters of the Chukchi Se@inmthe area deferred from leasing by BOEM 3 to
25 nautical miles from the shoreline. Dischargesifigeotechnical surveys within the deferral aresy(o
authorized after July 1) would not cause a “comtbieffect” as there are no active leases in thia.arbe
federal waters lease deferral boreholes are expéatee shallow (< 50 feet) borings to investighte
physical properties of the sediments along potepijeeline routes (AOGA 2013). The spacing of
geotechnical related activities is not expectechiase an overlap in deposition as the scope oéthos
activities are limited (i.e., two events per seay@ar), resulting in a relatively small volume of
discharges.

EPA modeled discharge scenarios from exploratidiniaies in both the Beaufort and Chukchi Seas to
support the Exploration NPDES General Permits (He2012). Using the Chukchi Sea as an example,
the expected discharge scenarios from exploratitling are assumed as follows:

Exploration activities would be conducted at wakepths of 40-50 meters (131-164 feet);
Discharges would occur near the surface;

Current speeds are assumed at 0.05 meters pedgeush to 0.3 m/s where discharges are likely
to occur.

For the 51 model scenarios modeled by EPA at tbepaable water depth (deeper than 5 meters), 8
scenarios fall within those conditions. The modsiults for those scenarios indicate maximum depasit
thicknesses ranging from 0.008 to 0.024 centimé@®€93 to 0.009 inches) along the current directio
Those scenarios, however, include total dischasfdsilling fluids and drill cuttings ranging from50 to
1,000 barrels (bbl). Scaling the results upwarnckflect total discharges of up to 5,000 bbl, theimam
deposition thicknesses would range from 0.03 t8 @eintimeters (0.01 to 0.05 inches). For all saesar
the maximum predicted deposit was approximatelgrimeters (0.8 inches), and the median for all
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scenarios was a deposit of approximately 0.2 cetém (0.07 inches). Under most conditions, the
majority of the solids are deposited within 1,00€tens (3,280 feet) of the discharge (Hamrick 2012).
Even though geotechnical surveys and related &eswvare not expected to occur within the samergéne
area as exploration drilling, in most cases, itasexpected that the discharges would cause a
depositional overlap.

Additionally, miscellaneous discharges will als@ocfrom geotechnical vessels that are similahts¢
from exploration facilities. Those discharges mmstt the effluent limits established by EPA in
compliance with technology-based and state anddédater quality standards (see Section 6.10,
below).

The effects from discharges from geotechnical sigend related activities combined with discharges
from exploration drilling are not expected to résulunreasonable degradation of the marine
environment for the reasons discussed in Critetladugh 8, as well as the following:

The timing of geotechnical surveys and relatedsdiets likely will not coincide with exploration
well drilling within the same general area.

The anticipated areal extent and depositional ti@skes of the drilling fluids and drill cuttings
materials from both activities will not cause |aiegm effect by the receiving biological and
physical marine environment.

The effluent limitations, restrictions, and monibgy requirements established by the Geotechnical
and Beaufort and Chukchi Exploration NPDES Gerfeeamits ensure protection of the marine
environment (see discussion under Criterion 1@vogel

6.10. CRITERION 10

Marine water quality criteria developed pursuant to CWA section 304(a)(1)

Parameters of concern for effects on water quaditischarges from geotechnical surveys and related
activities, include metals, oil and grease, chierind TSS. EPA has promulgated recommended marine
criteria (objectives) pursuant to CWA section 30@(p Current criteria are summarized in tabulanfo

at http://water.epa.gov/scitech/swguidance/waterquatiandards/current/index.cfand summarized in
Table 6-6 below.

This ODCE evaluates discharges to the Chukchi arali®rt Seas authorized under the Geotechnical GP
in reference to those criteria. The following dission addresses each parameter and notes the
clarifications EPA has made to the Geotechnical GP.

Table 6-6. Marine water quality criteria developedpursuant to CWA section 304(a)(1).

Saltwater Aquatic Life Human Health Consumption
CMC? (Acute) CCC3 (Chronic) (Organisms Only)
Pollutant* pg/L ug/L ug/L
Cadmiunt 40 8.8 -4
Chlorine 13 7.5 --
Mercury 1.8 0.94 -
Methylmercury 1.8 0.94 0.3
Oil and Grease Narrati¢e --
pH - | 65-85 -
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TSS Narrativé --
Temperature Species Dependent --

Sourcehttp://water.epa.gov/scitech/swguidance/standaniteyie/current/index.cfm

Criterion maximum concentration

Criterion continuous concentration

EPA has not calculated criteria for contaminarith Wlanks

A priority pollutant, defined by EPA as a set efulated pollutants for which the agency has d@ezlanalytical test

methods. The current list of 126 priority pollutsusan be found in Appendix A to 40 CFR Part 423.

6 For aquatic life: (a) 0.01 of the lowest continadlow 96-hour LC50 to several important freshwated marine species, each
having demonstrated high susceptibility to oils gettochemicals; (b) levels of oils or petrochensiéa the sediment which
cause deleterious effects to the biota; (3) suneaters shall be virtually free from floating notqeéeum oils of vegetable or
animal origin, as well as petroleum-derived oilSEPA 1986).

7 The depth of light penetration not be reduced byentiban 10 percent (USEPA 1986).

8 (a) The maximum acceptable increase in the weeldyage temperature resulting from artificial sosrisePC (1.8F) during

all seasons of the year, providing the summer maxire not exceeded; and (b) daily temperature €ytlaracteristic of the

water body segment should not be altered in e@hwglitude or frequency (USEPA 1986).

a A W N P

6.10.1. Oil and Grease

For oil and grease, the permit contains requiremtinat prohibit the discharges if oil is detectawtigh
a static sheen test and/or visual observationhEurtore, the permit requires treatment of certain
discharges, such as deck drainage, bilge, andsbalkter, treated through an oil-water separatfmrbe
discharge. Therefore, the water quality criteriondil and grease is expected to be met. This remént
remains unchanged.

6.10.2. pH

The permit requires pH monitoring for Discharge4,0@02, 004, 005, 006, 007, 008, and 010 as well as
limiting pH to 6.5—-8.5 for the discharges of sanjitavastes (Discharge 003) and non-contact cooling
water (Discharge 009) if chemicals are added tsylseemEPA has provided clarification that pH
testing for Discharge 001 must occur once per sedsmvever, a new test is required if a new diglin
fluid formulation is used during the season to ecat@eotechnical activities. This clarificatiomist
expected to affect the quality of the receivingevatr applicable water quality criteria.

6.10.3. Metals

The source of metals in drilling fluids is bariteerefore, a concern for effects on water quaiity i
discharges of the drilling fluids and drill cuttsigro control the concentration of heavy metalsh EP
promulgated limitations for cadmium and mercurgtock barite. These limitations are applied on the
discharges of drilling fluids and drill cuttings.g¥ls concentrations in discharges including dlli
fluids and drill cuttings are therefore expecteal8n meet water quality criteria. EPA has provided
clarification that stock barite testing for Discgar001 must occur once per season; however, agstist
required if a new lot or supply of barite is useding the season to conduct geotechnical activilias
clarification is not expected to affect the quabfythe receiving water or applicable water quatityeria.
Table 6-7 summarizes the federal water qualitydétfor metals.
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Table 6-7. Federal water quality criteria for metds.

Human Health
. - . L Criteria

Marine (Aquatic Life) Marine (Aquatic Life) .
Pollutant L . e (Consumption of

Acute Criteria (ug/L) | Chronic Criteria (ng/L) Organisms)

Acute Criteria (ug/L)
Arsenic 69 36 0.14
Cadmium 40 8.8 NA
Chromium (VI) 1,100 50 NA
Copper 4.8 3.1 NA
Lead 210 8.1 NA
Mercury
Methylmercury 1.8 0.94 03
Nickel 74 8.2 4,600
Zinc 90 81 26,000
6.10.4. Chlorine

Chlorine is a parameter of concern because itad ts disinfect sanitary effluent. The applicaldfuent
limitation guidelines require that discharges ofitay effluent from facilities that are continudys
manned by 10 or more people meet the effluentditmoih of 1 milligrams per liter (mg/L) as the
maximum daily limit for residual chlorine, which@hld be maintained as close as possible to this
concentration. The Geotechnical GP requires monésfyng for total residual chlorine. In additiahe
Geotechnical GP establishes fecal coliform bactemiis of to ensure consistency with the Alaskaeva
quality standards and the regulations at 40 CFR3140

6.10.5. TSS

Discharges of drilling fluids and discharges ofitay effluent are expected to contain settleablils
and TSS, which contribute to turbidity. The Geotéchl GP applies the maximum daily and average
monthly effluent limitations for TSS according tecendary treatment standards for discharges of
sanitary effluent based on best professional juddgniéhe permit also contains an effluent toxicity
limitation for suspended particulate phase matémidischarges of water-based drilling fluids and
cuttings. Those effluent limitations remain unchesh@nd are expected to also be protective of water
quality.

6.10.6. Temperature

The permit authorizes discharges of non-contadirgpaater (Discharge 009), which has higher
temperatures than the receiving water body. Inramlassure protection of the characteristic indiges
marine community of a water body segment from askvénermal effects: (a) the maximum acceptable
increase in the weekly average temperature regutom artificial sources is°XC (1.8 F) during all
seasons of the year, providing the summer maxieaairexceeded; and (b) daily temperature cycles
characteristic of the water body segment shouldedatltered in either amplitude or frequency. It is
expected that complete mixing will occur withinreos distance from the discharge point and the
temperature of the discharge will not exceed amptrature water quality objectives. The Geotechnica
GP’s requirements for temperature monitoring ofch&ge 009 remain unchanged.
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6.11. Determinations and Conclusions

EPA has evaluated the 12 discharges for the GetitedfGP against the ocean discharge criteria. ase
on this evaluation, EPA concludes that the disafsmmgll not cause unreasonable degradation of the
marine environment under the conditions, limitasioand requirements established by the permit.

With regard to discharge of drilling fluids andlbcuttings, this ODCE identifies recent studieattBhow
that trace metals commonly associated with wateetalrilling fluids and drill cuttings are not rédgd
adsorbed by living organisms (see Section 6.1n3ddition, data suggest that bioaccumulation rasks
expected to be low because the bioavailabilityadeé metals in drilling fluid components (i.e., ibgris
low. Furthermore, another study shows that ampligogbosed to metals that are bioavailable will
accumulate small amounts of copper and lead; lppgearoand lead levels are quickly reduced in those
individual amphipods exposed to 12 hours of seaweitbout elevated metal concentrations. Other
studies show that bioaccumulation of barium aneémiwm can occur in benthic organisms; but pollutant
accumulation decreases once organisms are remaxedtie contamination source (see Section 6.1.5).
Together, those studies suggest that bioaccumnlafitrace metals from water-based drilling fluigls

low and reversible.

In addition, while increased sedimentation fronllidg fluids and cuttings can affect benthic organg

in the discharge area, the effects are limitedhéosimall discharge area and have been shown tddave
long-term impacts. Several studies document thkemse of affected benthic communities in
reestablishing affected areas within months afigrhdirges cease. Also, other studies of formehofes
exploration drilling locations show that trace metancentrations in seafloor sediment are not pest,
and decrease to levels below risk-based sediméahelgwe concentrations (see Section 6.1.4). These
studies demonstrate that discharge of drillingdftuand cuttings will not result in an unreasonable
degradation of the marine environment during aeradischarge activities. Finally, the dischargesnfr
geotechnical surveys and related activities arg siort in duration and long-term widespread impact
are not anticipated.

The ODCE also addresses concerns related to tisaicgion of subsistence resources and public health
(see Sections 5.9, 6.6, and 6.9). EPA has evaltiagedischarges and does not anticipate a threat to
human health through either direct exposure taupantts or consumption of exposed aquatic

organisms. EPA is also mindful of concerns aboetpbtential changes in the behavior of subsistence-
related marine resources, i.e., their avoidanakibiing discharges and deflection from traditional
migratory paths might result in adverse effectsuinsistence communities. For example, if the
subsistence-related marine resources move fantvegr iom subsistence-based communities, thereeis th
potential for increased risks to hunter safety heeaf the additional time and farther distancagetied
offshore in pursuit of the marine resources. Lilsayideflection of subsistence-related marine ressur
could reduce subsistence harvest and reduced cptisaf subsistence resources, which could cause
adverse effects on human health. To address thesems on an ongoing basis and to ensure that no
unreasonable degradation of the marine environoeurs, EPA requires depositional data to be
collected if drilling fluids are used and assessnoéthe potential deflection and avoidance efferts
marine resources during periods of discharge ofammacting cooling water.

All other waste streams that will be authorizedhw Geotechnical GP (e.g., sanitary and domestic
wastes, deck drainage, bilge water, ballast waler)ot contain pollutants that are bioaccumulabive
persistent. The Geotechnical GP contains effluemtdtions and requirements that ensure proteafon
the marine environment.
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Finally, in accordance with 40 CFR 125.123(d)(4& Geotechnical GP states that EPA can modify or
revoke permit coverage at any time if, on the baseny new data, EPA determines that continued
discharges might cause unreasonable degradatitwe afiarine environment Thus, EPA will be able to
assess new data that is submitted in the requictedhty and annual reports for each operator asanme
to continually monitor potential effects on the marenvironment and to take precautionary actibas t

ensure no unreasonable degradation occurs dugngetmit term.
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8. GLOSSARY

Refer to the National Pollutant Discharge Eliminaton System (NPDES) for Oil and Gas
Geotechnical Surveys and Related Activities in Fedal Waters of the Beaufort and Chukchi
Seas (Permit No. AKG-28-4300) and Fact Sheet forammplete list of defined terms.
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